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PREFACE 



This manual provides all information essential to basic 
programming for the GE-225 Information Processing 
System. Itsprimarypurposeistoserveas a reference 
and a guide to persons actively engaged in programming 
or applying the GE-225 system. However, the develop- 
mental method used in presenting the subject matter 
makes the manual useful as an aid in training program- 
mers and systems personnel. 
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THE GE - 225 INFORMATION PROCESSING SYSTEM 



The GE-225 Information Processing System is a 
medium- scale, general-purpose digital computer that 
permits an integrated approach to the total infor- 
mation processing needs of business, government, and 
science, while providing an economical means of 
processing large volumes of data at high speed. 



The GE-225 is a solid-state, single-address computer 
that operates under both stored program and oper- 
ator control. Also, it is a buffered computer with an 
input-output priority system thatpermits simultaneous 
operations, such as reading, writing, and processing. 
Further flexibility is provided through the ability to 
operate internally in either the binary or the decimal 
modes. 



The modular design of the GE-225 system provides 

flexibility in meeting data processing requirements 
for a wide range of applications. A GK-225 system 

uOliSlDtD Ui IcaUAll^ \Allt»ut; (iiii-t w J. iuXAXgi V'-'^'-P *-*■■> '-*^ • ■^'^^'^ 

interconnected and controlled through a central pro- 
cessor. The number and types of input and output 
devices, as well as the configuration of the central 
processor, are determined largely by the desired 
applications. Input data can be from paper tape, mag- 
netic tape, punched cards, and magnetically- encoded 
(MICR) paper documents. Output can be in the form of 
paper tape, magnetic tape, punched cards, andprinted 
reports. Both alphabetic and numeric data can be 
received or produced by the computer, either locally, 
or over long distances from the centralprocessorusing 
peripheral data transmission equipment, such as the 
Datanet-15 and its associated terminals. 



The basic programming lan^jiaage for the GE-225 is 
provided by the General Assemblv r-roarani. It is 
an automatic assembly system that permits the pro- 
o^ ^i*T*..cr tO prcpuic i»jw*ciiiCo i.u iAicttiiiii^iui ^yiiiuulic 
language, rattier than m the absolute machine lan- 
guage, or code, of the GE-225 and then utilize the 
GE-225 (and the assembly program) to assemble a 
computer-ready program. Extensive clerical effort 
is eliminated by using significant mnemonic codes 
that generally have a one-to-one correlation to basic 
machine instructions. Added flexibility is provided 
because addresses can be assigned using either deci- 
mal or symbolic notation. Capabilities of the General 
Assembly Program also include the ability to incor- 
porate the many library routines provided by General 
Electric, such as input-output and mathematical pack- 
ages. 
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SYSTEM COMPONENTS 

The GE-225 system can assume various configurations, 
depending upon the application requirements. Brief 
descriptions of system components are given below. 
More detailed descriptions and information pertaining 
to their use are provided in appropriate programming 
sections of the manual. 

Central Processor 

The GE-225 Central Processor provides arithmetic, 
comparison, and decision circuits and automatic con- 
trol facilities for the processing system. In addition, 
it houses the randomly-accessed magnetic core stor- 
age (or memory). 



Core storage provides the main memory element for 
the system, although it can be augmented by external 
storage in the form of magnetic tape or disks. Both 
data to be processed and the controlling instructions 
are held in core storage and called forth by the con- 
trol element as required. Information in storage is 
retained by tiny magnetic cores, each core capable of 
holding one bit (binary digit) of data. The basic unit of 
storage is the word, each word consisting of 20 bits 
(plus a check bit), and each word being individually 
addressable. The access time associated with trans- 
ferring a word into or out of memory is 18 micro- 
seconds, or one word time. Core storage can consist 
of 4,096, 8,192, or 16,384 locations, each of which 
can contain a single-address instruction, a binary 
data word, or three alphanumeric or binary-coded- 
decimal (BCD) characters. 
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Control Console 

The GE-225 Control Console, attached to the central 
processor, provides manual control of operations, 
visual display of the contents of appropriate registers, 
program monitoring facilities for the operator, and 
typed output via the console typewriter, under program 
control. From the console, the operator controls the 
initial loading and starting of programs and can per- 
form in-process modifications based upon processing 
results. 



tapes at 250 or 1000 characters per second, and a 
mechanism for punching five-, six-, seven-, and 
eight-channel paper tapes at 110 characters per 
second. P revisions are made to accommodate all com- 
mon paper tape codes. 
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Card Reader 



Paper Tape Reader-Punch 



The GE-225 Paper Tape Reader-Punch is two mechan- 
ically-independent units: a mechanism for reading 
five-, six-, seven-, and eight-channel perforatedpaper 



Either a 400 cardper minute or a 1000 card per minute 
card reader is available with the GE-225. Both readers 
can read standard 80-column punched cards in one of 
three modes: ten-row or twelve- row binary, or stan- 
dard Hollerith (alphanumeric) mode. Cards are read 
serially (one column at a time) in all three modes. 
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Either card reader can operate simultaneously with the 
central processor and other peripheral operations. 
For example, cards can be read at the same time that 
data is input from magnetic tape or from a 12-pocket 
document handler; simultaneously, previously input 
data can be processed within the central processor. 



Standard cards are 7-3/8 by 3-1/4 inches and con- 
sist of 80 columns along the long dimension and 12 
rows along the short dimension. As cards are moved 
through the card reader mechanism, all twelve row 
positions of a column are simultaneously photoelec- 
trically sensed. Card reader logic, which is contained 
within the central processor, permits cards to be 
read on demand by the processor or continuously. 



Card Punch 



The card punch is an output device which punches stan- 
dard 80-column cards at a rate of either 100 or 250 
cards per minute, depending upon the model selected. 
Cards are punched in either of three modes: ten-row 
or twelve- row binary, or standard Hollerith mode, 
depending upon program control. 



The card pxmch is primarily an on-line peripheral and 
receives basic control signals from the central proces- 
sor. However, gang punching, or duplication of many 
cards from a master card, can be performed off-line. 



As an on-line peripheral, the card punch can operate 
simultaneously with the central processor and other 
peripherals. 



I'm^ 



Controller Selector 



The GE-225 Controller Selector serves as a common 
control and data transfer point between the central 
processor and the peripheral controllers for magnetic 
tape handlers, document handlers, high-speed prin- 
ters, mass random access data storage, Datanet-15 
terminals, and the auxiliary arithmetic unit. The 
controller selector contains eight hubs or addresses 
to which eight controllers can be connected. By 
priority assignments, which are determined by the 
addresses, the controller selector controls access to 
core storage for the attached peripheral units. This 
permits simultaneous operation of as many as eight 
peripherals on the controller selector, plus the card 
reader and punch, for a total of 10 concurrent input/ 
output operations. 



The logic for the controller selector is contained within 
the central processor. Access to the central processor 
and memory for peripherals and their associated con- 
trollers is provided by cables between the controller 
selector and the controllers. 
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Magnetic Tape 

Magnetic tape provides a fast method of transmission 
of data between thecentralprocessorandbulkstorage. 
Millions of bits of data can be recorded on a single 
reel of tape, thus providing a compact and economical 
storage medium. Magnetic tape can pro vide in-process 
(on-line) or static (off-line) storage for immediate or 
subsequent use, yet can be erased and be re-used 
repeatedly. 



Up to eight magnetic tape controllers can be connected 
to the controller selector; up to eight magnetic tape 
handlers can be connected to each controller, providing 



a maximum of 64 magnetic tape handlers for the GE- 
225 system. Different models of magnetic tape 
handlers provide two data transfer rates: 15,000 and 
41,700 characters per second. Data can be read or 
written either in standard binary or in binary-coded- 
decimal (BCD) mode. 



The combination of a tape controller and its associated 
tape handlers comprises a magnetic tape subsystem. 
A subsystem of one tape controller and multiple tape 
handlers permits reading or writing concurrently with 
other operations. A subsystem containing two or more 
tape controllers permits reading jjid writing simul- 
taneously with other operations. 
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High Speed Printer 
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The GE-225 High Speed Printer is an output unit for 
applications requiring presentation of large quantities 
of printed information. The printer produces alpha- 
numeric output, up to 120 characters per line, 900 
lines per minute. Printing format is governed by the 
printer controller, which contains logic for automati- 
cally editing the print line independent of the central 
processor. Editing features include zero suppression, 
deletion of data, and insertion of special symbols, 
constants, and spaces. Printing can also be performed 
completely off-line from the system by using magnetic 
tape as an interim storage medium. Printing and 
editing can proceed simultaneously with other peri- 
pheral and central processor operations. 
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Disc Storage Unit 



Disc Storage Units, each consisting of 16 vertically- 
mounted rotating magnetic disks, are available for 
non- sequential file processing. Each DSU has a total 
capacity of 98,304 records, or over 6 million words. 
This provides storage for about 19 million alpha- 
numeric characters or 34 million numeric digits. 
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One or two DSU controllers can be connected to the 
controller selector; up to four DSU units can be 
connected to each controller. DSU reading and writ- 
ing operations can proceed simultaneously with other 
peripheral and central processor operations. 
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12-Pocket Document Handler 



The 12-pocket document handler is an on-line or off- 
line peripheral that reads and sorts documents printed 
with magnetic ink in E13B font at a speed of 1200 
documents per minute. The document handler can be 
used off-line as a document sorter, and it is possible 
to use two sorters simultaneously. The document 
handler adapter (controller) permits concurrentoper- 
ation with other peripherals and the central processor. 
Two document handlers under the control of a single 
adapter permit an input rate to the central processor 
of 2400 documents per minute. 



Auxiliary Arithmetic Unit (AAU) 



Although the AAU is connected to the centralprocessor 
through the controller selector (address 7), it is more 
properly considered to be an extension of the central 
processor, rather than a peripheral unit. The AAU 
provides increased facilitiy for double-length word 
binary arithmetic in either normalized or unnormal- 
ized floating-point modes or in fixed-point mode. The 
AAU can operate concurrently with normal central pro- 
cessor and peripheral operations. 
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Maximun 
Per 

Name System 

CENTRAL PROCESSOR (mandatory) 1 
CONTROL CONSOLE, including Console 

Typewriter (mandatory) 1 

DIRECT INPUT-OUTPUT UNITS 

Paper Tape Reader-Punch 1 

Card Reader, 400 cpm or High Speed 1 

Card Punch, 100 or 250 cpm 1 

PERIPHERAL CONTROLLERS 

Controller Selector 1 
Mass Random Access Data Storage 

Controller 1 

Magnetic Tape Controller 8 

High-Speed Printer Controller 8 

Datanet-15 8 

Document Handler Adapter 8 

Auxiliary Arithmetic Unit 1 

CONTROLLER SELECTOR PERIPHERALS 
Mass Random Access Data Storage 

Units 8 

Magnetic Tape Handlers 64 

High-Speed Printers 8 

Datanet Terminals 120 

12-Pocket Document Handlers 16 



Datanet-15 



Figure 1-1. GE-225 System Components 



Transmission and reception of data between the GE- 
225 Central Processor and remote locations is made 
possible by the Datanet-15, which can accept serial 
data at speeds from 60 to 2400 bits per second. The 
Datanet-15 can operate with as many as 15 remote 
stations, one at a time, in addition to controlling a 
paper tape reader-punch. Terminal devices include 
Teletype equipment, other Datanet- 15 units,or virtually 
any terminal device utilizing five-, six-, seven-, or 
eight-channel bit codes. 



To make optimum use of the high speed of core stor- 
age, the GE-225 makes provision for time sharing ac- 
cess to memory by buffering data transfers, assigning 
peripheral priorities for access to memory, and 
permitting simultaneous processing of two or more 
unrelated programs. 



Buffers and Buffering 



SIMULTANEOUS OPERATIONS 



The logical design of the GE-225 permits up to eleven 
simultaneous input-output operations. That is, data 
can be transferred between core storage in the central 
processor and several direct and indirect peripherals 
at the same time that the central processor is engaged 
in processing data previously readin. Such operations 
are made feasible because of the vast differences in 
data transfer rates between core storage (18 micro- 
seconds per word), and peripherals, such as the 400 
cpm card reader (5610 microseconds per BCD word). 



Buffering is a technique for providing optimum data 
transfer between two components having different 
data transfer rates such as core storage and the 
400 cpm card reader mentioned above. Buffering 
involves using a temporary storage device, or buffer , 
that can be filled with data at a rate governed by the 
data source component, and subsequently unleaded 
into the data receiving component at a rate governed 
by that component. This permits both components 
to function at their optimum speeds when processing 
unrelated data without the faster component being 
slowed down during data transfers by the slower one. 

Thus, in transfers between core storage and the 400 
cpm card reader, although it takes 150,000 micro- 
seconds to read all 80 card columns, core storage 
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is occupied in receiving the data read for only 1512 
microseconds (one word time per column). The 
balance of the time it takes to read the card (148,560 
microseconds) can be used for other data processing. 

Buffers in the GE-225 are of two types: direct I-O 
buffers and controller buffers , as illustrated in 
Figure 1-2. Direct 1-0 buffers, located within the 
central processor, are for use withperipherals having 
direct access to core storage, such as the card reader 
and punch, the paper tape reader-punch, and the con- 
sole typewriter. Controller buffers are located in the 
separate controllers for high-speed peripherals, such 
as magnetic tape handlers, MRADS units, and high- 
speed printers. Buffers for these units have access 
to core storage indirectly through the controller 
selector. 



highest priority; the fourth channel has lowestpriority. 
Normally, priority is assigned to components thusly: 



Channel and 

Priority 
Assignment 


Peripheral 

or 
Equipment 


1 
2 
3 

4 


Card Reader 

Controller Selector 

Card Punch 

Central Processor, including 
Console Typewriter and 
Paper Tape Reader-Punch 



The Interrupt Principle 



The interrupt principle takes advantage of the signi- 
ficant difference in operating speeds of the central 
processor and the peripherals by permitting the normal 
'fetch instruction, execute, fetch instruction, execute, 
fetch... etc.,' sequence of the central processor to be 
interrupted for data transfers. 

Two kinds of interrupt are provided in the GE-225. 
One, related to normal program processing, is called 
priority interrupt ; the other, related to multi-program 
processing, is called automatic program interrupt. 



PRIORITY INTERRUPT 

In the GE-225, buffering permits two or more oper- 
ations in a program to be performed simultaneously; 
for example, cards or tape can be read while computing 
occurs in the central processor and, atthesame time, 
cards or tape can be written. In the example, compu- 
tation and access to core storage by the central pro- 
cessor are interrupted whenever the input or output 
buffers are filled or emptied and a core storage access 
cycle is required to transfer data. 

If the central processor requests memory access while 
input or output peripherals are requesting access, the 
processor obtains access on the first free cycle. Be- 
cause several requests for access to core storage 
might be made at the same time, provision is made to 
grant only one request for access during a memory 
cycle. The priority interrupt logic incorporated into 
the system analyzes these requests for access and de- 
termines whichoffourpossible channels is to have ac- 
cess during that particular cycle. Refer to Figure 1-3. 

All access to memory, including that by the central 
processor, is controUedbythepriorityinterruptlogic, 
which controls four channels. The first channel has 



In general, priority is determined by the operating 
characteristics and buffering of system peripherals. 
Usually, the peripheral having a high data transfer rate 
will have a highpriority;theperipheralwitha low data 
transfer rate will have a low priority. Two major ex- 
ceptions to this arrangement are the card reader and 
the central processor. 

The card reader is buffered in such a way that it 
must have uninterrupted access to core storage while 
it is reading each character on a card, or data may 
be lost. The card reader is assigned the highest 
priority. 

On the other hand, the central processor is assigned 
the lowest priority (with the console typewriter and 
paper tape reader-punch) because there is no danger 
of lost data if central processor operation is inter- 
rupted by higher-priority peripherals. Also, program- 
run-time is optimized if fully-bufferedperipherals are 
permitted to operate at capacity. 

The controller selector, through which all high-speed 
peripherals access core storage, is assigned the 
second-highest priority. These peripherals are fully 
buffered and there is little danger of data loss if their 
operation is interrupted. Controller selector priority 
is further discussed below. 

The card punch which is a comparitively slow peri- 
pheral, is assigned the third priority channel because 
a card punch operation is initiated only when the card 
punch buffer is filled. The card punch buffer can 
maintain a partially-filled condition indefinitely; thus, 
interrupting card punch operations cannot cause inad- 
vertent data loss. 

Controller Selector Priority Interrupt. The controller 
selector is the common control and transfer point for 
input-output peripherals. Specifically, the controller 
selector: 1) provides peripheral configuration flexi- 
bility and 2) permits the establishment of user-de- 
termined priority systems. 
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Figure 1-3. GE-225 Priority Access System 
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The controller selector permits the use of a wide va- 
riety of peripherals. Through plug-in connectors, 
peripheral controllers can be connected in many ways 
and changed to meet varying system requirements. 
This ability allows for addition of specific peripherals 
as the needs of an installation grow. It also allows for 
the addition of new or improved input-output units with 
little or no logic or wiring changes. Figure 1-4 illus- 
trates one possible system configuration. Smaller or 
different configurations are also possible. 

In Figure 1-4, the card reader, card punch, paper tape 
reader-punch, and console typewriter are connected 
directly to the central processor. The other peri- 
pherals, through their controllers, are connected to the 
central processor through the controller selector. As 
many as eight controllers can be connected to the con- 
troller selector through eightplug-in connectors, each 
with an individual address; these controllers can be a 
combination of the following: 



1 or 2 DSU Controllers 

1 to 8 Magnetic Tape Controllers 

1 to 8 High-Speed Printer Controllers 

1 to 8 Datanet-15 Controllers 

1 to 8 Document Handler Adapters (Controllers) 
1 Auxiliary Arithmetic Unit (includes Con- 
troller) 



As shown in Figure 1-4, controllers can direct the 
operation of several peripherals. The following list 
shows the maximum possible number of peripherals 
each respective controller can handle: 



connected to address hub has highest priority; the 
controller on hub 7 has lowest priority within the con- 
troller selector priority. 

Thus, any controller on the controller selector has a 
higher priority than the card punch (channel 3) or the 
central processor and its associated peripherals 
(channel 4). 

Figure 1-5 is an expansion of the priority interrupt 
control system shown previously in Figure 1-3. This 
diagram further illustrates the relationship between 
overall system priority and controller selector pri- 
ority. 

The priority assignments for peripherals connected 
through the controller selector should be consistei.t 
with the data transfer rates and the relative amounts 
of data to be transferred by each peripheral. If re- 
quests for access are received from two units simul- 
taneously, the one having the higher transfer rate 
will have the higher priority and be granted access 
first. The other unit, having the lower priority, must 
wait at least one memory cycle before attaining access. 
The reasoning behind this arrangement is that the 
slower unit can wait longer with less effect on total 
processing time and less danger of data loss than can 
the faster unit. A magnetic tape controller, for 
example, generally should have a higher priority (lower 
priority address) than does a printer controller. Once 
a magnetic tape controller initiates tape motion, the 
controller must have ready access to memory for opti- 
mum data transfer. The printer, on the other hand, 
does not startprinting until it has received all requisite 
data, and can therefore afford to wait several cycles 
for data. 



1 to 4 DSU Units 

1 to 8 Magnetic Tape Handlers 

1 High-Speed Printer 
1 to 15 Datanet Terminals, plus a Paper Tape 

Reader-Punch 
1 to 2 12-Pocket Document Handlers 

1 Auxiliary Arithmetic Unit 



The priority interrupt system actually operates on two 
levels. The first level assigns priority access to core 
storage through one of the four priority channels, with 
the controller selector being assigned the second- 
highest priority (channel 2). The second level exists 
within the channel 2 priority of the controller selector 
and is assigned through eight address hubs, numbered 
through 7. Once a controller selector request for 
access is granted, the controller selector priority 
system determines which of two or more requesting 
controllers is to receive memory access. Which con- 
troller receives access is determined by its assigned 
priority, as evidenced by the controller selector 
address hub to which it is connected. The controller 



AUTOMATIC PROGRAM INTERRUPT 

Because the central processor will lose no information 
if program processing is temporarily interrupted, it 
is possible to provide instruction coding in a main 
program for an automatic interruption of the program 
to process one or more 'priority' programs. 

Automatic program interrupt is an optional feature to 
control the simultaneous processing of two or more 
unrelated programs. This provides for concurrent 
operation of peripherals while the main program is 
being processed. Priority programs could include 
those in which it is desired to transfer data from cards, 
tape, or core storage to the high-speed printer, or to 
an MRADS unit. 



Automatic program interrupt in the centralprocessor 
monitors the card reader, card punch, and controller 
selector peripherals; the interrupt feature takes effect 
only when aperipheral that haspreviously been engaged 
returns to the idle status. Initial engagement of the 
peripheral is controlled by the stored program. An 
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Figure 1-4. Large GE-225 System Config^aration 
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instruction early in the main program sets the auto- 
matic program interrupt to permit exit from the pro- 
gram when a peripheral signals the centralprocessor 
that it is idle. Note that this differs from priority 
interrupt, which requires that a peripheral actively 
request access to memory. An automatic program 
interrupt causes a transfer from the mainprogram to a 
'priority' routine which initiates use of a peripheral and 
subsequently returns control to the main program; 
simultaneously, the peripheral continues operation. 
When interruption of the main program occurs, the 



location of the next main program instruction to be 
executed is stored in a special modification word. 
When the 'priority' routine is completed, abranchin- 
struction returns control to the main program. 



Entry to a 'priority' routineautomatically turns off the 
automatic program interrupt. Topermitfurtherinter- 
ru^otions of the main T-iroct-am. . the 'i^riority' routine 
must reset the automatic program interrupt before 
returning control to the main program. 
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MACHINE LANGUAGE 



To efficiently program the GE-225, the programmer 
should have a certain amount of knowledge concerning 
numbering systems other than the familiar decimal 
notation. He should also know how to convert num- 
bers from one system to another. THe reasons for this 
are simple: 1) the GE-225 system holds and manipu- 
lates data in binary notation, 2) the programmer gen- 
erally functions most effectively when working with 
numbers in the decimal form, and 3) because neither 
decimal nor binary notation is satisfactory as a com- 
mon language between programmer and computer, an 
iULci'iiieUiaifc numoering system ^ucLai noiatioii) is oiien 

llSpflll. 



NUMBER SYSTEMS 



10,000's 1,000's lOO's lO's I's 
Positional 
factor lO"^ 10'* 10^ lO^ lO^ 10° 



Digit 

positions X X 



X X 



Other number systems are possible, using bases other 
than ten. In each system, the number of digits used 
corresponds to the base. Anumber system with a base 
01 7 could have the digits through 6, with positional 



wiitiL-fveri' uie aumoer 



system, me lugaesi aigi 



is one less than the base of the system. 



The decimal number system consists of ten digits, 
through 9, which are used in combination to express 
values greater than 9. Depending upon their relative 
positions in a number, digits are considered to be 
equal to the digit times a positional factor. This 
factor is some exponential power of ten, the base of 
the decimal system. For example, the number 458 
is actually an abbreviated way of expressing the fol- 
lowing: 



Digit 


x 


factor 


Value 
400 




4 


102 = 


hundreds 


+ 5 


x 


lOl = 


+ 50 


tenths 


+ 8 


X 


lOO = 


+ 8 


units 



458 



Any value less than infinity can be expressed in 
the decimal system by expanding the number of 
positional factors as far as necessary. 



Binary Number System 



The binary number system uses two digits, and 1, 
called binary digits or bits, and has a base of 2. 
Positional notation is similar to that of the decimal 
system. Successive positions in a binary number, from 
right to left, have values corresponding to increasing 
powers of 2. Thus, the binary number 11011101 is 
equal tolx27+lx26 + 0x25 + lx24 + lx23 + lx 
2^ + X 2l + 1 x 2°, or 221 in decimal notation. 



Like the decimal system, anynumber less than infinity 
can be expressed by using enough positions. 



value etc 256 128 64 32 16 8 4 2 1 

Positional 

factor 2" 2^ 2^ 2^ 2^ 2^ 2^ 2^ 2^ 2° 

Digit 

position X X X XXXXXXX 
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Counting in binary is aimilai' to decimal, beginning with 
0, then 1, Once the highest digit is reached, a carry to 
the left adjacent digit position is made and the count 
starts at zero again. Thusly: 



Decimal 


Binary 








1 


1 


2 


10 


3 


11 


4 


100 


5 


101 


6 


110 


7 


111 


8 


1000 


9 


1001 


etc. 


etc. 



.-addition in binary is simpler than decimal addition, 
as illustrated in Figure 2-1. Other arithmetic oper- 
ations are similarly easy. 



+ 





1 








1 


1 


1 


10 



Figure 2-1. Binary Addition Table 



The table shows that +■ 0=0, + 1 = 1, 1 + 0=1, and 
1 + 1=0 plus a 1 carry. In a two-number addition, the 
largest intermediate sum is never more than 1 with a 

1 carry. 



Example: Add the binary numbers 10110101 and 
11010110 



Octal Number System 



The octal number system uses eight digits, through 
7, and the base 8. Again, positional notation is similar 
to that of the 'decimal and binary systems. Successive 
positions in an octal number, from right to left, have 
values corresponding to increasing powers of 8. Thus 
the octal number 1376 is equal to 1 x 83 + 3 x 82 + 7 
X 8l + 6 X 80. or 766 in decimal notation. 



The octal system can be extended to exprass any size 
number. 



Decimal 

value etc 262,144 32,768 4096 512 64 8 1 

Positional 

factor 8" 8^ 8^ 8^ 8^ 8^ 8^ 8° 

Digit 

position X X X X X X X X 



Octal counting is also similar to decimal counting. The 
count begins with 0, proceeds to 7 (the largest octal 
digit), generates a carry into the adjacent leftposition, 
and starts again at zero. Thusly: 



Decimal 


Octal 








1 


1 


2 


2 


3 


3 


4 


4 


5 


5 


6 


6 


7 


7 


8 


10 


9 


11 


10 


12 


11 


13 


12 


14 


13 


15 


14 


16 


15 


17 


16 


20 


etc. 


etc. 



1111 



^ — carry 



10 110 10 1 
+ 110 10 110 

= 110 10 11 



Octal addition and other arithmetic operations are 
more difficult than binary or the familiar decimal oper- 
ations. The most useful is octal addition, which is 
facilitated by tables such as that shown in Figure 2-2. 
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Octal Digits 



fan 
Q 



o 
O 



+ 





1 


2 


3 


4 


5 


6 


7 










1 


2 


3 


4 


5 


6 


7 




1 


1 


2 


3 


4 


5 


6 


7 


10 




2 


2 


3 


4 


5 


6 


7 


10 


11 




3 


3 


4 


5 


6 


7 


10 


11 


12 




4 


4 


5 


6 


7 


10 


11 


12 


13 




5 


5 


6 


7 


10 


11 


12 


13 


14 




6 


6 


7 


10 


11 


12 


13 


14 


15 




7 


7 


10 


11 


12 


13 


14 


15 


16 





write down the remainder in sequence from right to 
left. The remainders will be the binary equivalent of 
the initial decimal number. Note that each division by 
two leaves either a or a 1 as a remainder. 

p-vovv^v^l £1. ■C'ir%H fK^ Viino T.T7 oniiiTrql ont rif tVlP HpP.ITnal 53- 



26 
2r53" 



52 



13 



2r26~ 
26 



•1 1st remainder 



'01 



1st two remainders 



Figure 2-2. Octal Addition Table 



The table is useful in adding two octal numbers, which 
is the most common application the programmer will 
require. 

Example; Add the octal numbers b42351 and 162534. 



2|13 
1 — 



-►101 1st three remainders 



1 11 
642351 
+ 162534 
1025105 



carry 



2r3' 
2 



-►10101 1st five remainders 



Notation Convention 





2n" 





-►110101 all remainders 



Wherever the possibility of confusion exists, a sub- 
script notation is used to indicate to which system a 
given number belongs. For example, 1010 could be 
a binary representation of the decimal number 10, 
an octal representation of the decimal number 520, 
or the decimal number 1010- „. If a number is ex- 
pressed in binary notation the subscript „ is used: 
lOlOft. Octal numbers are shown with a subscript „ : 
123g. Decimal numbers are shown with a subscript 
^ ^: 876^^. If it is evident from the text which nota- 



Decimal-To-Binary Conversion 

To convert a decimal number to binary, divide the 
decimal number repeatedly by 2. After each division, 



Binary-to-Decima! 



same method as decimal-to-binary conversion, except 
that the division is by IOj^q expressed in binary (1010) 
and the arithmetic is in binary. After each division, 
the binary remainder is converted to a decimal digit. 

The remainders, in reverse sequence, are the decimal 
equivalent of the original binary number. 
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Example; Convert 10111101 12 to decimal notation. 



100101 



1010 



101111011 
1010 



1010 



1110 
1010 

looii 

1010 
1001 



11 

100101 
1010 
10001 
1010 



'10 



9 units digit 



111 



'10- 



-♦•79 tens and units 
digits 



10101 



11 



11 



'10'" 



-►379 hundreds, tens, 
and unit digits. 



Another method would be simply to look up the decimal 
equivalents of the corresponding powers of two in the 
table shown in Figure 2-3 and add. 



Example: Convert 101 11 1011 2 to decimal notation. 



Binary 
Positional 
Factors 
2« 2^ 2^ 2^ 2^ 2^ 2^ 2^ 2°^^ 



10 11110 11 



i 



Binary 
Digits 



1 
•• 2 
->■ 
-► 8 
-►16 
-►32 



80= . . . 


1 


,1 




2 






4 


2 


8l= . . . 


8 


3 




16 


4 




32 


5 


8^- . . . 


G4 


6 




128 






256 


8 


8^=. . . 


. . 512 


9 




1 024 


10 




2 048 


11 


8^= . . . 


4 096 


12 




8 192 


13 




16 384 


14 


8^= . . . 


32 768 


15 




65 536 


16 




131 072 


17 


36= . . . 


262 144 


18 




524 288 


19 




1 048 576 


20 


8^= . . . 


2 097 152 


21 




4 194 304 


22 




8 388 COS 


23 


38= . . . 


16 777 216 


24 




33 554 432 


25 




67 108 864 


26 


89= . . . 


. . . . 134 217 728 


27 




268 435 456 


28 




536 870 912 


29 


810= . . 


... 1 073 741 824 


30 




2 147 483 648 


31 




4 294 967 296 


32 


8ll= . . 


... 8 589 934 592 


33 




17 179 869 184 


34 




34 359 738 368 


35 


8l2= . . 


. . 68 719 476 736 


36 




137 438 953 472 


37 




274 877 906 944 


38 


8l3= . . 


. 549 755 813 888 


39 



-►64 
-► 



256 



379 



10 



1 099 511 627 776 40 



Figure 2-3. Table of Powers of 2 and 8 
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Binary-To-Octal Conversion 



Octal-to-Decimal Conversion 



Converting numbers from binary to octal notation is 
a simple mechanical procedure. Three binary digit 
positions are the equivalent of one octal bit position. 
Thus, a 15-bit number, such as 101 001 110 111 OOI2, 
is a .5 digit octal nnrnber when converted. To convert, 
the binary digits are separated into groups of three, 
beginning on the right. Each group of three is evalu- 
ated individually; the right-most bit has a weight of 1, 
the center bit is 2, and the left-most bit equals 4. As- 
suming 1-bits in all three positions of a group, the 
highest value expressible is 7, which is the largest 
octal digit. 



Example: 
tion. 



Convert lOlOOlllOlUOOlo into octal nota- 



34 g3 g2 gl 



421 421 421 421 421 



Octal Position Factors 
Conversion Weight 



One method of converting octal numbers to their deci- 
mal equivalents is to 1) convert the octal number to 






by the previously described procedures. 



Another method is to use a conversion table and merely 
lookup the equivalent decimal number. For large octal 
numbers, such conversion tables often run to many 
pages. The short conversion table in Figure 2-4 is 
useful in converting octal numbers up to 3777777 
(sufficient for GE-225 programming) directly to deci- 
mal notation. The table shows the decimal equivalents 
of all octal digits as a function of their position in the 
octal number. 



101 001 110 111 001 
= 51671 



Binary Number 
Octal Equivalent 



Octal-to-Binary Conversion 



To illustrate the use of the table, consider the octal 
number 1761354. To convert this number to its decimal 
equivalent, read the equivalent decimal value of each 
octal digit from the table and add them to find the total 
decimal equivalent, as shown below 



. i- i i3A01i XiUlli Ut^CtXi 



to binary notation is simplified. Beginning with the 
right-most digit of the octal number, each digit is 
converted to its binary equivalent. Each octal digit, 
upon conversion, requires three bit positions. 



Octal Positions 
g6 q5 g4 g3 g2 gl gO 



Decimal Positions 
10^ 10'* 10^ 10^ 10^ 10*^ 



Example: Convert 1234567g into binary notation. 



7 
6 
5 
4 
3 
2 
1 



»001 



?0 



"1 
Oil 



100 



101 



no 



111 



7 


3 


13 5 4^ 




1. -^ 






I ^ 

■ — > 






> 



thus, 1761354g 



-^ = 



4, 
9, 
2, 



'10 



OCTAL 














DIGIT 
VALUE 

1 






OCTAL DIGIT POSITION 








86 


85 


S"^ 8^ 


82 


8l 


8° 


262,144 


32,768 


4,096 512 


64 


8 


1 


2 


524,288 


65,536 


8,192 1,024 


128 


16 


2 


3 


786,432 


98,304 


12,288 1,536 


192 


24 


3 


4 


_ 


131,072 


16,384 2,048 


256 


32 


4 





- 


163,840 


20,480 2,560 


320 


40 


5 


6 


- 


196,608 


24,576 3,072 


384 


48 


6 


7 


- 


229,376 


28,672 3,584 


448 


56 


7 



Figure 2-4. Octal-to-Decimal Conversion Chart 
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Decimal-To-Octal Conversion 



Decimal-to-octal conversion can be done by first con- 
verting the decimal number to its binary equivalent, 
then reconverting the resulting binary number to octal 
notation. 



Another method involves the use of the two tables in 
Figure 2-5. The octal equivalents of the decimal digits 
are found in the upper table and are then added octally. 
The lower table assists in the required octal addition, 
by permitting the octal equivalents to be added in deci- 
mal, a column at a time, then converted to octal nota- 
tion. 



CONVERSION CHART 



1 DECIMAL POSITION 


DIGIT 
1 


10^ 


104 


10^ 


10^ 


loi 


loO 


303,240 


23,420 


1,750 


144 


12 


1 


2 


606,500 


47,040 


3,720 


310 


24 


2 


3 


1,111,740 


72,460 


5,670 


454 


36 


3 


4 


1,415,200 


116,100 


7.640 


620 


50 


4 


5 


1,720,440 


141,520 


11,610 


764 


62 


5 


6 


2,223,700 


165,140 


13,560 


1,130 


74 


6 


7 


2,527,140 


210,560 


15,530 


1,274 


106 


i 


8 


3,032,400 


234,200 


17,500 


1,440 


120 


10 


9 


3,335,640 


257,620 


21,450 


1,604 


132 


11 



OCTAL EQUIVALENTS OF DECIMAL NUMBERS 



DECIMAL 


OCTAL 


DECIMAL 


OCTAL 


DECIMAL 


OCTAL 


1 


1 


15 


17 


29 


35 


2 


2 


16 


20 


30 


36 


3 


3 


17 


21 


31 


37 


4 


4 


18 


22 


32 


40 


5 


5 


19 


23 


33 


41 


6 


6 


20 


24 


34 


42 


7 


7 


21 


25 


35 


43 


8 


10 


22 


26 


36 


44 


9 


11 


23 


27 


37 


45 


10 


12 


24 


30 


38 


46 


11 


13 


25 


31 


39 


47 


12 


14 


26 


32 


40 


50 


13 


15 


27 


33 


41 


51 


14 


16 


28 


34 


42 


52 



Figure 2-5. Decimal-to-Octal Conversion Charts 



I Example: Convert 34 597 8 jq to octal notation. 

Decimal Positions Octal Positions 

105 104 103 102 IQl IpQ &^ 8^ 8^ B^ 8^ S^ 8° 



— > = 



.= 1 



1 

1 6 

16 4 

116 10 

116 1 

1117 4 



thus, 345978 



10 



12 4 3 5 7 



'8 



Adding the 8^ column in decimal gives IO^q, which is 
128, according to the lower table in Figure 2-5. 
Writing the 2, carrying a 1 into the 8^ column, and 
adding in decimal gives 73 and no carry; write the 7. 
Adding the 8^ column in decimal gives 21jq, which is 
25g. Writing the 5, carrying a 2 into the 8^ column, 
and adding gives lligorlSg. Writingthe 3 and carry- 
ing the 1 into the 8^ column gives 43, no carry; write 
the 4. The 85 column gives 2 and the 8^ column is 1. 
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DATA WORDS 

In the GE-225, the word (or basic unit of information) 
consists of 20 binary digits. Words can be stored in 






SaCii Qi which 



is individually addressable. Additional random access 
and sequential access storage is available in MRADS 
units and magnetic tape. 

il **WA^^ ^fXLL kyt a,li AllOLX lH^UlUil, CI Dingily Ucitcl WUI'U UT 

number, a binary- coded- decimal word (for expressing 
either alphabetic or numeric characters), or any pat- 
tern of 20 bits the programmer so desires. The 20 
bit positions of the GE-225 word are depicted in Fig- 
ure 2-6. S (or 0) refers to the sign position, 1 indicates 
the high-order bit position, 2 the next highest, and so 
on. Bitposition 19 indicates the low-order bit position. 

































r 


r 




1 

s 


2 


3 


• 


• 


• 


• 




• 






• • 


• 


• 


■ 


• 


■ 


19 



Figure 2-6. Basic GE-225 Word 





















^ 











1 








71 






Inverting all bit positions gives: 



1 


1 


1 


1 1 


1 


1 


1 


1 


1 


1 


1 


1 1 


1 1 





1 


1 


s 


1 


2 


3 . 


. 


. 


, 


J 


. 




J 


i : = 


. _ 






19 



Adding a 1-bit to bit position 19: 



r 


1 1 


1 1 


1 1 


T 


1 


1 


1 


1 ii |o 


fT" 


ill 


1 








s 


1 2 


3 . 


• • 


, 


, 


, 




• • • 




, . 


. 


. 


19 



The largest negative number that can be expressed in 
the 20-bit binary word is 2l^, or 524,288, q. 



Binary Data Words 



When a word is interpreted by the GE-225 as binary 
data, the (or S) position acts as the arithmetic sign. 
A 0-bit in the sign position indicates that the word is 
positive; a 1-bit indicates that the word or number is 
negative. In binary wo rds, 1 -bits in positions 1 through 
19 indicate values corresponding to the powers of two. 
A 1-bit in bit position 1 equals 2^^ or 262,144io; in 
position 2, a 1-bit equals 21'' or 131,072^Q;in position 
19, 2^ or 1. The largestpositive decimal number that 
can be expressed in the 20-bit binary word is 2^^ - 1, 
or 524,287^0- 

Negative numbers are expressed in binary form by 
placing a 1-bit in the sign position and the 2's comple- 
ment of the desired number in bit positions 1 through 
19. 

To express a given negative number: 

1. Write the positive number in binary 

2. Change it to the 2's complement form by 

a) converting all 1-bits to 0-bits and all 0- 
bits to 1-bits and 

b) adding a 1-bit to the least significant bit 
position. 

For example, to express the decimal -68jq in binary, 
write +68j^Q in binary: 



A machine instruction is provided for automatically 
convex'ting a positive nurnber to a negative number. 
Also, in subtract operations involving positive num- 

formed. 



Double Length Binary Words 



The GE-225 can perform double length data word oper- 
ations. Double length words consist of two 20-bit words 
which are normally stored in adjacent memory loca- 
tions. For processing, they are treated as a single 
word consisting of a sign bit and 38 data bits. 

For illustration, consider the decimal 3,862,483jq. In 
binary, this number would be stored in two adjacent 
memory locations: 



S 1 2 3 ... . 
Memory Location 1 



2l6 2l4 2ll 



00000000000000000111 



221 _2^19 



)8 



19 



lO 



[0 |0|1 |0| 1 |1 |1 |0 |1 I 1 I 1| 1 I l| l|o|l |0|0|1 |1 

S 1 2 3 19 

Memory Location 2 



i In 



_b L±] L±] e^ 



n-7 



The most significant half of the double word is stored 
in the first memory location. The adjacent (higher) 
location contains the least significant half of the word. 
Bit positions in the second memory location have values 
corresponding to the first nineteen powers of two (2^^ 
through 2I8), while those of the first (lower) memory 
location correspond to the second nineteen powers of 
two (2l9 through 237). The signs of both locations are 
the same, for plus or 1 for minus. Double length 
negative numbers are expressedinthe2's complement 
form. 



Floating-Point Notation 

The auxiliary arithmetic unit (AAU) expands the arith- 
metic capability of the GE-225 to include normalized 
and unnormalized floating-point operations. Repre- 
sentation of floating-point numbers is discussed in the 
section, Auxiliary Arithmetic Unit Operations. 

GE-225 installations, with or without the AAU, can 
process floating point arithmetic with utility subrou- 
tines provided by General Electric for this purpose. 
However, for voluminous floating point calculations, 
the aAU provides greater efficiency, because of its 
speed and capacity. 

Blnary-Coded-Decinnal Data Words 



B 


A 


8 


4 


2 






























1 













1 













1 





















1 












1 












1 















1 


1 















1 





1 





5 
9 
A 
N 
R 
/ 
Z 
$ 



The remaining two bit positions (S and 1) do not nor- 
mally contain data, but are used for program and 
printer control purposes discussed later. A repre- 
sentative GE-225 BCD word is shown: 

BA8421BA8421BA8421 



olo|ori|o|o |i |o|o [0 |o|i |i|o|o|o|o|o|i|o' 



S 1 '^ 



^^ 



In addition to its basic binary capability, the GE-225 
can process binary-coded-decimal (BCD) or alpha- 
numeric data. The six bit positions of the BCD code 
may be used to express 64 character configurations, 
including all alphanumeric and special characters of 
the GE-225 character set. 

The 6-bit code consists of two groups: 



ZONE 
GROUP 



NUMERIC 
GROUP 



B 


A 




8 


4 


2 


1 

















the numeric bits correspond to the first four powers 
of two, as they do in the binary system, and can express 
up to 16 numeric values, through 15. The zone bits 
provide for coding alphabetic and special characters. 

Selected characters are shown below in BCD. All GE- 
225 characters and their equivalent BCD codes are 
shown in the Appendix. 

In the BCD mode, the GE-225 word can contain three 
characters, occupying 18 bit positions (2 through 19). 



Double length BCD words are possible to express al- 
phanumerics consisting of as many as six characters. 

Optional instructions permit variable length BCD arit- 
metic operations. Negative numbers must be expres- 
sed in lO's complement form with a 1-bit in the sign 
position. Note that, in BCD numerics, the zone bits 
(2, 3, 8, 9, 14, 15 bit positions) are set to zero. Al- 
though the BCD word contains only three numerics, the 
variable length feature permits operations with BCD 
numbers of any practical length. 

Examples of BCD quantities: 



Decimal 


BCD word(s) 


+ 10 


+ 





1 













+ 989 


+ 


9 


8 


9 










- 10 


^ 


9 


9 













- 989 


_ 





1 


1 










+ 87649 


+ 


8 


7 


+ 6 4 yi 






- 87649 


- 9 


1 


2 


l-i3i5:i i 
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INSTRUCTION WORDS 



Instructions are expressed as 20-bit words. Three 
different formats are used. 



The word movement variation is for instructions in- 
volving full word transfers between arithmetic regis- 
ters and the arithmetic unit. They assume this format: 



Format I. All instructions involving reference to mem- 

r»*.Tr nv^ itt».i ++cst-» in 'P/^t«*v^O+ T Tr»rtliiHcvH o >»o o *•! fV»*v-» ci+i rt 

memory transfer, and certain branch instructions. 
Complete descriptions of these instructions are pro- 
vided in subseauent sections. 



S >4 


5 6 


7 8 


9 >19 


Operation 
Code 





1 


Specifies Exact Operation 



The format for memory reference instructions is: 



DO 
THIS 


X X 


WITH DATA 
LOCATED HERE 


4 


5 6 


7 19 



OR 



Always is 
25g for 
General 
Instruction 



01 indicates 
Word Move- 
ment Variation 



No Address 
Modification 



Interpretation of 
these bits is ex- 
plained under 
'Micro-program- 
ming' 



OPERATION 
CODE 


X X 


OPERAND 

ADDRESS 



5 6 



19 



The input-output variation is used for instructions in- 
volving the central processor and peripherals. Bits 
S through 4 contain 25g (10 101) and bits 7 and 8 are 
us. The remaming bits speciiy the inpui-outpui oper- 
ation. The format is as follows: 



The five bits (0 through 4) indicate the operation to be 
performed, such as add, subtract, read cards, etc. 



Bits 5 and 6 provide for automatic address modifica- 
tion by stipulating whether the contents of one of sev- 
eral X registers are to be used to modify the operand 
address. Automatic address modification is treated 
in Section V. 

Bits 7 through 19 designate the operand address; that 
is, the memory location where the data to be added, 
subtracted, etc., is stored. 

About 60 of the over 300 instructions in the GE-235 
repertoire require operand addresses. Instructions 
without operand addresses cannot be address modi- 
fied. This permits bits 5and6, and 7 through 19 to be 
used for other purposes. Instructions in this cate- 
gory (no operand address) are called general instruc- 
tions . Format II, or shift instructions . Format III, 

Format TT. All instrnptinnfi in Hq+q fvQncfor ^fivr-lnHinfr 

memory transfer) and input- output categories and most 
internal test-and-branch instructions are written in 
Format II. Instructions in this format are commonly 
called general instructions a nd have the same oper- 
ation code in bit positions S through 4 (10 101, or 25g). 
Format H has three variations, corresponding to the 
three general categories mentioned. 



-^4 5 6 7 8 9- 



-5.13 



14— >19 



Operation 
Code 








Starting 
Address 


Specific 
(Iteration 




Always is 



258 ^°^ 

General 

Instruction 



Designates 
Input- Output 
Variation 



Designates 
the specific 
input-output 
operation 



No Address 
Modification 



Either a mem- 
ory location or 
peripheral con- 
troller address 



The test-and-branch variation is used for instructions 
that provide for breaking the normal sequence of in- 
struction execution. These instructions are identified 
by 258 (10 101) in bit positions S through 4 and 1-bits 






rn~\ f-^ r^ 
/■/ 7/ ^^ 
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in positions 7and8. The test condition for determining 
a branch to another instruction is specifiedby bit posi- 
tions 9 through 19. The format is: 



S >4 


5 6 


7 8 


9 


iO- >19 


Operation 
Code 





1 1 


1/0 


Branch Condition 



! 

Always is 
258 for 
General 
Instruction 



Designates 
Test-and- 
Branch 
Variation 



1 
Specifies con- 
dition to be 
tested 



No Address 
Modification 



1 = branch on 
negation (no) 
= branch on 
affirmation (yes) 



The specific bit patterns for all Format n instructions 
can be found by converting the octal equivalent of the 
instructions to binary. The octal form of each in- 
struction is included in the instruction descriptions in 
subsequent sections. 

Format III. Only shift instructions are written in 
Format III. Shift instructions are used to shift one or 
more bits within or between arithmetic registers. Bit 
positions S through 4, designating the operation code, 
contain 25q; bits 7 and 8 contain 1 and respectively, 
identifying a shift operation; bit 9 indicates direction 
of shift (right or left); bits 10 through 14 identify the 
registers involved; bits 15 through 19 designate the 
number of bits to be shifted. The format is: 



->4 5 6 7 8 



10 



14 15 19 



Operation 
Code 





1 


1/0 


Exact 
Operation 


Length 
of Shift 



Always is 

258 ^°^ 

General 

Instruction 



Shift 
Varia- 
tion 



T 

Specifies 
Registers 



/^ 



No Address 
Modification 



1 =left 
shift 
= right 
shift 



Up to 
31 bit 
positions 



While it is possible to prepare programs for GE-225 
processing directly in binary notation, it is infre- 
quently done because such programming is tedious and 
subject to clerical error. However, a knowledge of 
binary notation and instruction structure is essential 
in micro-programming (the building or creating of 
instructions by the programmer). Micro-program- 
ming is discussed in a later section. 



In program debugging and patching, octal notation is 
frequently used for 3 reasons: 1) octal notation pro- 
vides the programmer with a more meaningful pre- 
sentation than does binary, 2) the GE 225 provides 
printed outputs (during GAP program assembly) and 
memory dumps in octal notation, and3) octal can easily 
be converted to binary or decimal. On the other hand, 
binary is difficult to reador write; also it is tedious to 
convert to the familiar decimal notation. 



eE-225 Octal Notation 



Conversion of GE-225 words from binary to octal or 
octal to binary is a simple mechanical procedure. 



Given the GE-225 binary word: 



1 II 



1 ll jl o|o 



1 1 



S 1 



19 



Starting on the right, divide the word into groups of 
three bits (giving six groups of three, and one group of 
two) and assign octal values to the bit positions as 
shown: 



-Bits 



01 


101 


on 


100 


101 


100 


111 


® 


@ 


® 


® 


® 


® 


® 



_Octal 
Group 

No. 



Evaluate each group and write the equivalent octal digit: 



01 = 1 ^ 

(T) 101 = 5 

(J) on = 3 

@ 100 = 4 } = 15345478 

® 101 = 5 

(D 100 = 4 

(t) 111 = 7 



The result of the binary-to-octal conversion is a 7- 
digit number in place of the longer, less meaningful 
20-bit binary word. 



11-10 



Note that any GE-225 word can be represented as a 7- 
digit octal number, whether it beadataword or an in- 
struction. 



Section IV discusses ail phases of the General Assem- 
bly Program, including the pseudo-instructions for 
controlling GAP assembly, the assembly process, and 

operating procedures. 



The representation of the number 12345678in binary is 



The GAP symbolic programming language consists of 
categories: 



3 
4 
5 
6 
7 



421 

= 001 
= DIG 

= on 

= 100 
= 101 



gino^T'T/ Vi/QTr(X 



SI 



19 



ni I 010 



nil I inn 



101 



110 Mil 



110 - 

111 - 



\ /^ 



1. Pseudo-instructions used for memory loca- 
tion assignments, program constant stor- 

bly process. 

2- Mnemonic operation codes corresponding 
to the over 300 machine instructions of the 
GE-225. 



Because of the simplicity and convenience of octal nota- 
tion, it is used freely in the balance of the manual to 
simplify explanations and to provide familiarity. 



Symbolic Programming 



Pseudo-instructions, described in Section IV, have 
no correlation with the GE-225 machine instructions 
contained in the assembled object program. On the 
other hand, there is generally a one-to-one correlation 
between the mnemonic operation code prepared by the 
programmer and the machine instruction appearing 
in the object program. 



Mw 



trntinnii fur thp Gf'-"B is rinnp with svrn- 



boiic coding, made possible by the General Assembly 



^i £1.111 ^Ijl^ 



lA-^f piuviuea Uib Uttbicprugiaiiiiiiliig 



language and permits programming in meaningful 
mnemonic codes, using symbolic addressing. This re- 
lieves the programmer of much clerical and 'house- 
keeping' detail, thus making GAP gene rally preferable 
to binary or octal coding. 

The GAP programming system is comprised of two 
parts: 1) the symbolic language usedby the program- 
mer in coding the source program and 2) the General 
Assembly Program that automatically processes the 
source (or symbolic) program into a ready-to-process 
machine-language (or object) program. 



In irirlitiDn to fonvpniptil svmVxiIif codes for instruc- 
tions. Gap permits the programmer to reference 
meniorv witn eicner aciuai nunieric oi- svmDUiiv; iuca- 
tions previously defined with GAP pseudo-instructions, 
thereby facilitating program coding, debugging, and 
incremental preparation and revision. 

All GE-225 instructions are described, beginning in 
Section V. For each instruction, the mnemonic code, 
its machine language equivalent (in octal), its func- 
tional description, execution time, registers affected, 
liberal examples of its use, and appropriate comments 
are shown. Instructions are grouped functionally for 
ready reference and are indexed both numerically and 
alphabetically in the Appendix. 



ii'^ LnVolir 
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SECTION iii 



CENTRAL PROCESSOR ORGANIZATION 



The central processor performs all arithmetic and 
logical functions in the GE-225 system and acts as a 
central control for all internal and peripheral oper- 
ations. Because the program (or instructions for data 
processing) is held in memory like the data to be pro- 
cessed, the GE-225 is known as a stored program 
computer. 



MAGNETIC CORE STORAGE 



Figure 3-1 illustrates this principle of storage. Note 
that two wires are used to provide the magnetizing cur- 
rent and current must be present in both wires to mag- 
netize a core or switch the core from one magnetic 
polarity to the other. The third wire shown, the sense 
winding, is used to sense the change in magnetization 
of the core. As the core 'flips' from one magnetic pol- 
arity to the other, a pulse is induced in the sense 
winding by the collapsing field of original polarity and 
the increasing field of the new polarity. 



Instructions 9-nd data are held in the ^rimarv stora^^e 
unit, 01 niemory, tiuough tiie use oi tiny ferrite cores. 
Each core isaring.ortoroid, of ferromagnetic mater- 
ial capable of being magnetized in one of two polarities 
when current is passed through wires inserted through 
the cores. Current through the wires generates a mag- 
netic field which in turn magnetizes the core; when the 
current is stopped, the core remains magnetized. If 
the direction of current flow is reversed, the field about 
the wire is reversed and the ferrite core will be mag- 
netized in the opposite direction. The two possible 
states of magnetization can be called 1 andO, corres- 
ponding to the two binary digits. 



The basic GE-225 memory module is an array or block 



64 






deep, it can be visualized as 4096 vertical columns oI 
21 cores each. Each column of cores can contain 20 
information bits plus a parity (or check) bit. When a 
word is stored in or read from memory, the bit pat- 
tern of thewordissimultaneouslysetintoor read from 
all 21 cores of the desired column or storage location. 
In addition to the basic 4096-word module, memory is 
also available with storage capacities of 8192 and 
16,384 words. 

Each memory word is individually addressable. Ad- 
dresses are used to make data stored in memory 



Current 
Flow ^ 




Sense 
Winding 



Direction of 
Magnetization 



No 

Current > 

Flow 




Current 
Flow 




Induced 
Current 



Setting a Core 
to the '1' State 



A '1' Bit 
Retained 



Resetting a Core 
to '0' and Reading 
out a '1' Bit. 



Figure 3-1. Bit Storage in a Ferrite Core 



11^ 
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relocatable. Instructions requiring data to be moved 
to or from memory must specify an operand address 
corresponding to the memory address containing the 
data. Instructions held in memory are accessed by 
their addresses. Addresses are numbered sequentially 
from 0000 to 4095 (or 8191) for basic memory sizes. 
Addressing the additional 8192 words in a 16, 384 word 
memory is covered in a later section. 

Access time for a word stored in memory is 18 
micorseconds (millionths of a second); this includes 1) 
reading the word from core storage, 2) storing the 
word in a register external to memory, and 3)restor- 
ing or replacing the word in core storage. Core 
storage access time is also called a memory cycle 
or a word time . A single data word transfer to or 
from memory, including access time for the instruc- 
tion effecting the transfer, requires 36 microseconds 
(2 word times); a double length word transfer requires 
54 microseconds (3 word times). When a word is 
read from memory, all 21 bits are transferred simul- 
taneously. Storing a word in agiven address destroys 
the previous contents of that address. 



Stored Program 



Because instructions, like data, are stored in memory, 
data processing canproceed automatically, performing 
instructions in sequence as they exist in storage, or 
branching to other instructions in the sequence depend- 
ing upon the preceding instruction. 

For the same reason, self- modifying programs are 
possible. Instructions can be manipulated as well as 
data, permitting changes to the basic program as a 
result of in-process decisions. 



Addresses; 
0000 



0128 
0256 

1000 
2500 
2800 
2940 
3100 



INDEXING 



AUTOMATIC 
PROGRAIVI INTERRUPT 



CARD 
INPUT-OUTPUT 



PROGRAM 



CONSTANTS 



MAGNETIC TAPE INPUT-OUTPUT 



PRINTER INPUT-OUTPUT 



SUBROUTINES 



Programming efficiency is aided by good planning 
or the orderly use of available memory. The designa- 
tion of specific areas of memory for specific purposes 
reduces programming time and errors. Figure 3-2 
illustrates a possible allocation of memory space for 
input-output, constant, instruction, and subroutine 
storage. 



X Register Operation 



Memorv addresses 0000 through 0003 have specialpro- 
perties. Instructions are provided to permit their use 
as program counters by making provision for incre- 
menting their contents by a constant and testing the 
contents with one of two special test instructions. 



In addition, locations 0001 through 0003 can be used for 
modification word storage and are called X registers. 
Bit positions 5 and 6 of the basic instruction word can 
be used to specify which of the three X register con- 
tents is to be used for modification, as indicated: 



Bit Position 
5 6 


X Register 
Selected 




1 

1 
1 1 


None 
0001 
0002 
0003 



Figure 3-2. Representative Allocation of Memory 



If an instruction containing an operand address also 
specifies an X register in bit positions 5 and 6, the 
contents of the specified location (0001, 0002, or 0003) 
are added to the operand address to give the effective 
address . The instruction is executed using the effective 
address, rather than the operand address. The original 
instruction in storage remains unchanged. 

X registers facilitate addressing upper memory (loca- 
tions above 8191), as described in the section, Addres- 
sing Upper Memory. 

Additional modification words are available as part of 
an optional package that also provides a three-way 
compare instruction and decimal (BCD) arithmetic 
capability. The added modification words consist of 
31 groups, each containing a word that can be incre- 
mented as can location 0000, and three words with the 
same modificationproperties as locations 0001 through 
0003. This provides 96 modification words and 32 
counter words in memory locations 0000 through 0127. 

Use of the optional modification groups requires the 
specification of the desired modification group with a 
special select instruction. A group remains selected 
until a subsequent special select instruction is used to 
specify another group. Once a group is selected, the 
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desired modification word within the group is specified 
by bits 5 and 6 of the instruction. For example, if 
modification word group 28 were specifiedby a special 
select instruction during a normal program sequence, 
all subsequent instructions with X register codingof 01, 
10, or 11 would be modified by the contents of locations 
0113, 0114, or 0115, respectively, until another modifi- 
cation group was specified by another select instruc- 
tion. 



ivi r^egisier v_^peration 



Arithmetic registers include: 

B Register 
A Register 
Q Register 
N Re<''ist6r 
C Register (optional, not illustrated) 

Arifhmptif* TTr»if 



Control registers control the sequential processing 
and interpretation of instructions. These registers 
include: 



The M register is a 21-bit register (see Figure 3-3). 
All information transferred to or from core storage 
must first pass through the M register, which is the 
focal point for information transfers among GE-225 
system components. The 21 bits of the M register 
include 20 information bits, plus a parity check bit. 



I Register 

X Registers 

P Counter (or register) 



Arithmetic Registers (Figure 3-4) 



Parity Checking 



B REGISTER. The B Register is a 20-bit register 
which acts as a buffer register between the Pvl register 
and the central processor during data transfers. The 
B register is also a buffer for arithmetic operation 
and contains: 



A parity check is performed automatically as a word is 
read from memory into the M regiistt- r. The parity 



CLi.i. £j X LJIL 



positions; if the count is odd, naritv is oorrpft and 

error (bit drop or pick-up) has occurred and the parity 
alarm light on the control console is turned on. In 
addition, depending upon the position of the 'Stop on 
Parity Alarm' switch on the control console, a com- 
puter halt or aprogrammedbranch for remedial action 
can occur. 

Words written into memory have a parity bit generated 
(as required) by the parity check circuits, while the 
word is held in the M register. The parity check cir- 
cuits count the bits and, if the count is even, generates 
a bit for the 21st bit position. If the count is odd, no 
parity bit is required. Ineither case, the entire 21 bit 
positions of the M register are stored in memory. 



ARITHMETIC AND CONTROL 
REGISTERS 



Arithmetic operations, such as addition, subtraction, 
multiplication, and division, require temporary stor- 
age devices external to memory for holding inter- 
mediate and final results andperforming the necessary 
calculations. The GE-225 uses arithmetic registers 
for these purposes. In addition, arithmetic registers 
are used for shifting and other data manipulations 
related to decision-making and arithmetic capabilities. 



The addend for addition 
The subtrahend for subrractu'n 
iiie iiiUiUpilcaiiu iui iiiLuLlpiic in- ui 
The divisor riiirinpf Hivisinri 

Outputs from the B register are supplied to the I regis- 
ter and the arithmetic unit. The B register is also used 
in the execution of certain data transfer commands. 



A REGISTER. The A Register is a 20-bit register and 
is used most frequently in central processor oper- 
ations. It receives information from and transfers 
information to the arithmetic unit. It serves as the 
accumulator for the central processor and performs 
this function by holding: 

The augend during addition 

The sum after addition 

The minuend during subtraction 

The result after subtraction 

The most significant half of the product after mul- 
tiplication 

The most significant half of the dividend before 
division 

The quotient after division 

The most significant half of a word after the exe- 
cution of all double ien^^'th word instructions 

A word transferred from, or to be transferred to, 
memory 

The word on which extraction isperformed during 
the execution of the extract instruction (Ex- 
traction is the examination and replacement 
of bits in a word according to a previously- 
defined pattern) 
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Figure 3-3. GE-225 Arithmetic and Control Register 



The word to be shifted during various shift 

instructions 
A v.'ord to be transferred toanother register or to 

be modified in some way during the execution 

of various data transfer commands 
The word that determines future action during the 

execution of branch instructions. 

In addition, manual access to the A register is per- 
mitted by 20 console switches provided for this pur- 
pose. 

Q REGISTER. The Q Register is a 20-bit register 
which acts with the A register to forma double length 
word accumulator (38 bits plus a sign bit) during the 
execution of double length word instructions. Infor- 
mation is not transferred directly from memory into 
the Q register, but is read into the A register and then 



shifted into the Q register, 
the following functions: 



The Q register performs 



1. 



2. 



3. 
4. 

5. 



Holds the least sifrnifieant half of the auEcend 
before double precision (double length) addi- 
tion, and the least significant half of the sum 
after addition. 

Holds the least significant half of the minuend 
before double precision subtraction , and the 
least significant half of the result after sub- 
traction. 

Holds the multiplier before multiplication . 
Holds the least significant half of the result 
after multiplication . 

Holds the least significant half of the divi- 
dend before division . 
Holds the remainder after division. 



1^ ° 
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Holds the least significant half of the double length 
word during the execution of double length word 
instructions. 

Holds the least significanthalf of information to be 
shifted during double length shift instructions. 

N REGISTER. The N Register is a 6-hit register which 
is used as a single character buffer between the central 
processor and 1) the console tjrpewriter, 2) the paper 
tape reader, and 3) the paper tape punch. This permits 
input-output operations with these units to occur simul- 
taneously with other central processor operations. 
Information is transferred directly between the N reg- 
ister and the A registerby means of shift instructions, 

C REGISTER. The C Register, or Real Time Clock, is 
an optional equipment feature that permits the timing 
of operations in either relative or real time. This 
feature is convenient where it is necessary to deter- 
mine or record elapsed time of operations performed 



by the GE-225, or ofoperations external to the GE-225 
system. In addition, it is possible to determine the 
time of an occurrence relative to actual (Greenwich 
or local) time or to any suitable time base. 



■^rv, t'fcY- that can be 
set directly from, or read directly into, the A register. 
Only bits 1 through 19of the A register are involved in 
such transiers. 

The C register is automatically incremented by one, 
in binary mode, every sixth of a second while power is 
applied to the GE-22.'i. When the C register count 

ica.v.iifcfo tiic ijlii(xi y cquivcticni ui ijt liuurb (axo.^'JU 

sixths of a second), it automatically resets to zero and 
starts counting again. Translation of the C register 
contents from binary notation to clock time can be 
performed either manually or by a simple conversion 
routine. Instructions and conversion procedures are 
discussed in Section V. 
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Figure 3-4. GE-225 Arithmetic Registers 
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A RITHMFITI C UNIT. The arithmetic unit is a high- 

' r- ■ ■ i ')nr"fj!^^. bin^.ry uddor n'rt'vork. It sprv^s two 
functions. During arithmetic operations, it performs 
the calculations specified by the operation code in the 
I register. It also serves as a transfer bus for words 
moved between the A register and memory (via the M 
register), and for the operand portion of instructions 
moving into the I register. 



'egisters (Figure 3-5) 



I REGISTER. The 1 Register is the instruction regis- 
ter. It coirtains all 20 bits of an instruction word during 
riit- execution of a computer instruction. While instruc- 
■ir,i:f. are being processed, bits through 4 indicate the 
->. ;,;Uon to be performed, and bits 5 and 6 control the 
automatic address modification, if required. During 
the execution of instructions involving memory loca- 
tions, bits 7 through 19 specify the memory address 



mvoi v't-d. lilts .0 tiuuugh 19 iiave other meanings during 

thn --■, ,.M«,,.-.. .■■► ., ,-:^-"ii .ind shift instructions. 



Instrurtjous :ivir read from memory into the M register 
and set into the B register. From the B register, bit 
positioris tiu-ouah 6, comprising the operation code 
and (lie address modification bits, are transferred 
dirf-'-^tlv ^nto ^of T recristpr for decodins. At the same 
time, bit positi':'p« 7 through 19, theoperandportion of 
the instruction, are routea to the arithmetic unit. If 
bit positions 5 and 6 indicate address modification, the 
contents of the indicated X register are added to the 
iii.5tiacti j;: L.iJcL.i.;J in the aiithmetic unit and the modi- 
fied operand i;, set into the I register. If no address 
modificaiii>:i :% irjuicated. the unmodified operand is set 
into the I realst'T. 



X REGISTERS . X Registers, memory locations 0000 
through 0003. aie not actually registers, but serve 
some of the same functions as do control registers. 



I X Registers 
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Figure 3-5. GE-225 Control Registers 
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These four memory locations are reserved to serve as 
counters and for automatic address modification. 

P COUNTER. The P Counter (or register) is a 15-bit 
location counter that contains the memory address of 
the next instruction to be executed. The contents of 
the P counter are incremented b"^' one before the exe- 
cution of an instruction so that the P counter indicates 
the next instruction in sequence. The Store P and 
Branch instruction is an exception. The contents of the 
P counter can be set from the I register when uncondi- 
tional branching is specifiedby the program. The con- 
tents of the P counter (the address of the next instruc- 
tion) are displayed by 15 lights on the control console. 



BASIC OPERATING CYCLE 



sequential pulses comprise the GE-225 operating cycle 
of 18 microseconds, one word time. A word time is 
the interval required to read a word from memory, 
transfer it to the proper register(s), and restore the 
word in memory. Figure S-fiA, Word Time #1, illus- 
trates the basic read-write cycle. 

In executing a program instruction, one word time is 
required to fetch an instruction from memory and 
another (Word Time #2, Figure 3-6A) is normally re- 
quired to fetch the operand specified and perform the 
operation - a minimum of two word times per instruc- 
tion. Instructions indicating address modification 
require an additional word time to fetch the address 
modifier from the specified X register, augment the 
original operand with the modifier, and transfer the 
updated address to the appropriate register. See 
Figure 3-6B. 



Program execution normally proceeds with instruc- 
tions executed sequentially under the control of a 450 
kilocycle crystal- controlled timer. This basic timing 
device emits pulses every 2.25 micro-seconds. Eight 



Some instructions require more than one word time for 
execution. Examples include double length word, mul- 
tiply, divide, and shift instructions. The additional 
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Figure 3-6. Basic Timing for Single Length Word Operations 
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word times required are automatically provided by the 
central processor sequence control logic. 

Single word transfers from or to memory, including 
instruction access time and not involving address 
modification, require two word times; double length 
word transfers require three word times. Execution 
times for all instructions are included in the individual 
instruction descriptions. 



Sequencing 



Instructions are normally executed sequentially. With- 
in each operation cycle, the control logic of the central 
processor provides sequence control for: 



1. Fetching the instruction, 

2. Modifying the operand address (if required), 
and 

3. Executing the instruction. 



The sequence control causes repetitive performance 
of this cycle automatically, thus permitting execution 
of successive program instructions. In addition, by 
monitoring the execution of multiple-word-time in- 
structions, the sequence control provides appropriate 
control signals to make available the necessary word 
times for execution before the next instruction is 
fetched from memory. 



Operation Cycle, General 



Instructions are executed sequentially, except when 
decision instructions ir priority or program interrupts 
break the sequence a d commence processing at an- 
other point in the program. The operation cycle des- 
cribed briefly in Sequencing, above, consists of two 
phases: the instruction phase and the execution phase, 
thereby giving meaning to the term, instruction-exe- 
ution cycle. 



instruction word are examined by the instruction de- 
coding logic to determine the kind of instruction, that 
is, branch, shift, arithmetic, etc. If necessary, the 
remaining bits are also examined. This examination 
established the necessary controls for directing pro- 
cessing during the execution phase. 

During the examination, the P counter is incremented 
by one to contain the address of the next instruction 
in sequence. The control circuits ask, " is the instruc- 
tion in the 1 register to be modified?" If yes, the 
contents of the specified X register are read from 
memory and added to the operand address in the 
A register, tlien sent to the I register. If no, the 
instruction is executed. When the central processor 
is stopped manually, the P counter displays the address 
of the instruction currently in the I register. 
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Figure 3-7. GE-225 Instruction-Execution Cycle 



INSTRUCTION PHASE. The instruction phase serves 
three functions: 

1. To locate the instruction in memory and 
transfer it to the I (instruction) register. 



Normally, the instruction phase of all instructions re- 
quires the same amount of time: placing instruction 
in the I register and incrementing the P counter takes 
one word time. However, if the instruction is to be 
modified, an additional word time is required. 



2. To locate the data in memory as specifiedtay 
the instruction operand address. 

3, To establish execution control circuits for the 
instruction. 



The instruction phase is illustrated more clearly by the 
flow chart in Figure 3-7. During this phase, an in- 
struction is read from memory and stored in the I reg- 
ister. The operation code (bits through 4) of the 



EXECUTION PHASE. During the execution phase, the 
central processor performs the action specified by the 
operation code. For example, if the instruction is LDA 
3200 (load the contents of m.emory location 3200 into 
the A register), the operand address in the I register 
selects the proper control lines through the address 
decoding network tobringthecontentsof memory loca- 
tion 3200 into the M register and, through the B regis- 
ter and arithmetic unit, into the A register. Instruction 
execution can require one or several word times, 
depending upon the instruction. 
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The instruction-execution cycle is continuous in nor- 
mal operation. As soon as the instruction phase is 
completed, the centralprocessor enters and completes 
the execution phase, and another instruction phase is 
initiated. The cycle is automatic as long as power is 
applied to the system. 



Operation Cycle, Detail 



Three different kinds ot memory access are required 
to execute GE-225 instructions: one requires access 
to memory under control of the P counter, another in- 
volves control by an X register, and the third type of 
access is controlled by the I register. The type of 
access permitted during any word time is governed 
by one ofthree flip-flop circuits as set by control logic: 

1. AMP - A flip-flop in the sequence controller 
that is used to Address Memory from the P 
counter. 

2. AMX - A flip-flop in the sequence controller 
that is used to Address Memory from one of 
the X registers. 

3. AMI - A flip-flop in the sequence controller 
that is used to Address Memory from the I 
register. 

i-igure 3-0 is a flow chart depicting the operations 
performed by the central processor while executing a 
program. This diagram illustrates the nature of the 
operations and tests performed during one complete 
instruction cycle, including: 1) extraction of the in- 
struction from memory (AMP), 2) modification of the 
address portion of the instruction, if required (AMX), 
and 3) the subsequent execution of the operation (AMI, 
GIS, or AMX). CIS is a flip-flop in the sequence con- 
troller that controls the execution sequence during all 
general instructions, hence General Instruction Se- 
quencing, or GIS. 

Program execution is accomplished by properly re- 
peating the basic operating cycle until the program has 
been completely executed. Program execution can be 
interrupted at any time from the control console, in 
which event the cycle stops immediately following an 
AMP operation. 



The symbols used in Figure 3-8 require some explan- 
ation. Each circle containing alphabetic characters 
represents an operation requiring one word time. The 
abbreviations correspond to controlling flip-flops in 
the instruction sequence control logic. Each smaller 

circle COntaininO- nn V lnHir>Qf0C that +V.Q nr^a^nHnr^ 4., 

volves memory access during the associated word 
time. 

Note, for a manual start, that the first instruction is 
assumed already to be in the I register. Upon depres- 
sion of the Start button, the first aptinn is thp E*-onT>ir,fv 
' — -" — .-.-.^^^^*..g, 

of the P counter by one, in preparation for the next 
sequential instruction. 

If the instruction currently in the I register involves an 
X register, the next operating cycle is an AMX access 
cycle. Otherwise, the next cycle is either a basic AMI 
cycle or a general GIS cycle. Format I instructions 
require one or more AMI cycles for execution. After 
each AMI cycle, the control logic is interrogated for an 
end-of- execution condition, which (when detected) 
turns on the EOO (end of operation) signal. 

If the instruction is a general insti'uction, the next 
cycles (if any) are one or more GIS cycles (to complete 
instruction execution) or two AMI cycles (for input- 
output operations involving the controller selector! 

lii cs.ll t-aocia, cuiiipieuunui instruction execution resnits 
in the generation of the EOO signal, which initiates an 
AMP cycle for reading out the next instruction. Fur- 
ther action at this point is contingent upon the position 
of two switches on the control console: the Automatic- 
Manual switch and the Stop on Parity Error switch. 

If the Automatic-Manual switch is in the Manual posi- 
tion, the processor halts. Otherwise, processing of the 
next instruction is initiated, unless the Stop on Parity 
Error switch is in the Stop position and a parity error 
has occurred during one or more of the memory access 
cycles of the previous instruction cycle or the just- 
completed AMP cycle. 

If a processor halt occurs for any reason, the address 
in the P counter is the address of the instruction that 
is held in the I register upon completion of the AMP 
cycle preceding the halt. 
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Figure 3-8: Flow Chart Showing Central Processor Operating Cycle 
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GENERAL ASSEMBLY PROGRAM II 



GENERAL DESCRIPTION 



General Assembly Program II is an assembly routine 
that provides fast, accurate and documented object 
programs in absolute or relocatable forms for either 
magnetic tape, paper tape, or punched card systems. 
It permits programmer use of convenient pseudo-codes 
and mnemonics rather than the more difficult machine 
codes. Additional advantages are obtained by: 



1. Address representation 
decimal numbers. 



by symbols or by 



2. Easily made additions or deletions in coding. 



3. Ready detection of certain types of clerical or 
coding errors, thus saving considerable ma- 
chine debugging time. 

4. A listing of the assembled program plus error 
indications, symbol listings, and assigned 
addresses. 

Thus, General Assembly Program II is a tool that pro- 
vides its user with accurate, well-documented pro- 
grams, which can be quickly debugged and placed in 
operation, resulting in significant monetary savings. 
Figure rV-1 is an illustration of a General Assembly 
Program coding sheet containing representative 
pseudo- codes, symbolic addresses, and mnemonics. 
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An assembly flow diagram is shown in Figure rV~2. 
Other assembly configurations are possible. 



General Assembly Program 11 produces an objectpro- 
gram by successively processing the source program 
three times; that is, the source program with the 



appropriate section of theassemblyprogramispassed 
through the GE-225 three times. The outputproduced 
by each pass forms part of the input for the succeeding 
pass. General AssemblyProgramllcanprovideas its 
final output an objectprogramonpunched cards, binary 
or octal; a listing, a program tape, punchedpaper tape, 
or combinations thereof. 
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Figure lV-2. Flow Diagram of General Assembly Program II 
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Each of the three passes of the assembly program 
perform certain functions which are designed to pro- 
vide the programmer with maximum information con- 



i^ass u 

Pass accomplishes three operations: 

1. It prepares the pseudo-codes for subsequent use in 
otlier passes by packing the symbolic input pro- 
gram deck, four (4) instructions to one card as 



shown by Figure IV-3. This packed deck is pro- 
duced in the form of punched cards or placed on 
either paper tape or magnetic tape, depending 
upon whether a punched card, paper tape or mag- 
netic tape system is used. 

A table of special symbols is formed containing 
all symbolic operands appearing in the card input- 
output, double length, floating point, or document 
handler instructions. This symbol table, referred 
to as symbol table 1 (STl), can be on magnetic 
tape, paper tape, or punched cards. Figure lV-4 is 
a symbol table 1 card and a HSP printout of the 
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D,E ,C 



OCT 



Operand 



IZ [ 13 I 14 I IB I M I 17 i IB j 19 



1 ,0 ,0 ,0 



5 ,0 



1 ,0 2 ,5 



3 i7 7 ,6 4 . 3 




REMARKS 



Figure IV- 3. Pass Packed Deck Card 
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STl Card 






STl 0017 

ROUND DL STOR 



DL CON 



DL CONl DL RND2 DL 



1 0000 « 
10010 



Symbol Table 1. Listing from High-Speed Printer 



Figure IV-4. Special Symbol Table as Produced by a Punched Card System and T isted on the 
High-Speed Printer by a Magnetic Tape System 



table as it appears on tape. Columns 1 through 3 
on the symbol card contain the identifying letters 
STl, with columns 74 through 78 containing the se- 
quence number of the card in the Pass packed 
deck. 



Pass checks all symbolic names in the input deck 
for no reference, undefined, or multiple -defined 
usage. If any oneof these conditions exist, Pass 
provides a listing on the HSP or, if desired, on the 
console typewriter. Figure IV- 5 is a sample 
printout by Pass on the HSP. 



Upon completion of Pass 0, symbol table 1 and the 
packed instructions are used as input for Pass 1. 



Pass 1 

Pass 1 uses the output of Pass to assign memory 
locations to all symbols in the input source deck. It 
forms a sorted table of these symbols and the numeric 
values assigned. Symbol Table 2 (ST2) is listed on the 
HSP, written on magnetic tape, punched onpapertape, 
or punched into cards. If no printer is available, the 
typewriter is used. Figure IV-6 shows a HSP listing 
of Symbol Table 2 and a representative ST2 card. 
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UNDEFINED SYMBOLS 
AMT#1 AMT#2 

NO REFERENCE 
BEGIN C0N#1 
ERRORS 
ERRORS 
END OF PASS 



CRDIN 



FIVE 
TAPE 
TAPE 



CRDEOF 



MASK 



3 

k 



STRIP 



START 



SUM STOR ZERO 



Figure IV- 5. Printer Listing of Symbol Errors, Pass 
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ST2 00052 

AMT 003733BEGIN 003772C0N1 
MASK 001753RATE 001752RND1 
SCAL 003720START 001756 
END OF PASS 1 



1O3752C0N#1 001755CON 103746FIVE 
003750RND2 10375'tRND 003726R0UND 



00000 
10175'* 00010 
101750 00020 

00030 



Figure IV-6 ST2 Card and Printer Listing of Symbol Table 2 of Pass 1 
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Pass 2 



The outputs of Pass and Pass 1 are used for input to 
the final pass of the general assembly program. Pass 
2 does the complete assembly of each instruction as 
specified by the symbolic input program. The output 



of rsss 2 is the assembly listing, with indicated errors, 
and tlie object program itself, on cards, paper tape, or 

magnetic tape. Figure IV-7 shows the assembly list- 
ing rvf the instructions shown on the coding sheet of 
Figurt W~1. and a typical object program binary card. 
Pass 2 of General Assembly Program II may be 
relocatable (Pass 2R) or absolute (Pass 2A). 



Word 
Count 
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r T^i'T 



5 I S 7 I sT 9 



if%to[Pctj;Ui||Jf^Wino I 
rl 11 til ilii I'ljtt.n 
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ik , , shi II lsp|d3|s'i5«{E[s 

77 ' " I III 'T J , n 



ihls^JBl' r 



1^1 



°p> I II 
III II 



1>- 



I PlO' 



Il» 



rt ^ 



lit 



^ it."x- 



Hi 
l> 

>1A 



1st 

Instruction 
Absolute 
Address 
(Orrgln) 
of 1st Instruction 



\;, 



I 



Checksum 





01750 




ORG 


1000 




00005 


01750 


0000000 


ROUND 


DDC 


50 


ROUNDING CONSTANT 


00010 


01751 


0000062 












01752 


0002001 


RATE 


DEC 


1025 


PD.'-,,-r~- -r.-^T ~'^? TTPM 


00015 


01753 


3776430 


MASK 


OCT 


3776430 


MASKING CONSTANT FOR MOD ROUTINE 


00020 


0175it 


0000005 


FIVE 


DEC 


5 




00025 


01755 


3777736 


C0N#1 


DEC 


-34 




00030 


01756 


0640000 


START 


i_r)X 


7FR0 7 


7rnr\ TMncy ppcTCJCpc 0-^'' 


00035 


01757 


0660000 




LDX 


ZERO 3 




00040 


01760 


0720000 




SPB 


CRDIN 1 


CARD READ SUBROUTINE 


00045 


01761 


2600000 




BRU 


CRDEOF 


CARD END-OF-FILE RETURN 


00050 


01762 


0720000 




SPB 


STRIP 1 


BCD-BINARY CONVERSION ROUTINE 


00055 


01763 


0000000 




DEC 


CRD 


CARD IMAGE ORIGIN 


00060 


01764 


0000001 




DEC 


1 


BlGINKInG GF FIELD 


0006s 


01765 


0000004 




DEC 


u 


HELD ilit 


00070 


01766 


0300000 




srA 


AMl^l 


liLMj Ki-<t. viuu.jL.1 PkOCESSED 


00075 


01767 


0720000 




SPB 


C TDT D 1 




00080 


01770 


0000000 




DEC 


CRD 




00085 


01771 


0000020 




DEC 


;6 




00090 


01772 


0000004 




DEC 


k 




00095 


01773 


0300000 




STA 


AMTi2 


ITE--<S CURRENTLY PROCESSED 


00100 


0177it 


0100000 




ADD 


AMT*1 




00105 


01775 


0300000 




STA 


SUM 


TOTA^ ITEMS PROCESSED 


001 10 


01776 


2504006 




MAO 






00115 


01777 


1501752 




MPY 


RATE 


PROCESS COST PER ITEM 


00120 


02000 


1 101750 




DAD 


ROiifjn 


RnU^ND PROCESS COST 


00125 


H 












n 



Figure IV-7. Assembly Listing and Object Program Binary Card (Absolute) from Pass 2 
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CODING SHEET 

The GE-225 General Assembly Program Coding Sheet 
(Form CK-34) is divided into six fields designated left 
to right as symbol, operation, operand, X (index), 
reinarks, and sequence. Each of these fields indicate 
to the assembly program that certain operations are to 
be performed. A few simple rules ar 
insure that correct results are obtained, 



pi uViucu lO 



S"mbo! Field 

The symbol field can be a very powerful programming 
aid where carefully- assigned symbols can supply help- 
ful program information. However, certain rules apply 
to its proper use. These rules are: 

1. Symbols used can vary from one to six char- 
acters in length and contain any combination 
of alphabetics and numerics. 



The assembly program assigns any symbol field entry, 
along with its associated information, a specific 
memory location. Thus, the programmer need not know 
the actual computer address, but can refer to the 
symbolic address when the information is needed. 
Figure IV-8 shows Doth proper and improper use of 
symbols. The symbols shown are for illustrative 



Entries 8 and 10 . CON+1 and A-B4 are improper 
entries in the symbol field because they violate rule 
two, above. 

Entry 9, 110 , is improper because it violates rule 
three. 

Entry 11, A B4, violates rule one pertaining to imbed- 
ded blanks." However, the assembly program would 
assemble such an entry and interpret A_B4 as AB4; if 
the symbol AB4 were defined and used elsewhere in the 
same program, errors would occur. 



Due to relative addressing (described later) 
the use of plus (+) or minus (-) is not allowed 
in the symbol field. 

Any symbol used must contain at least one 
non-numeric character. 



ii.i.*Xj kj LtAA >^- ' 



because leading and inserted blanks are 
ignored by the General Assembly Program. 



Operation Field 

The operation field of the coding sheet uses a three- 
character mnemonic to specify the required function 
of the line. These mnemonics indicate to the assembly 
program the type of line; i.e., and instruction, assembly 
control or ?. constant line. Thf lattpr two typps of 
entries involve pseudo-iustructions which 
cussed in detail later in the section. 



(XX C KA.li:i ' 



Symbol 



Opr 



Operand 



REMARKS 



12 I l> 14 !• !• 



31 



1 

2 
3 
4 

a 

8 

7 

S 

9 

10 

11 

12 

11 

14 



C, Q N,# . 1 



D, E,C 



E, R. O 



E 



O T A L, S 



B 



3 ,0 



A, B, 4 



2 ,1 



7,6,5 



1 



E 



1,10 



IMPROPER u m 



OF 



Sl MBOl^S;, 



O. N , + 1 



1 ,0 



110 



B 4 



2 17 6,5 



B.4 



D 



Figure IV-8. Symbol Fields 
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•^" instruction line contains a mnemonic indicating the 
desired computer operation. Usually tliis line is 
handled Vjy the assembly program as one computer 
machine operation for each instruction mnemonic. 
I Typical instruction lines are shown by Figure IV-9. 



Symbol 


Opr 


Operand 


nr 


. 1 2 j 3 ' . ! , ! . 


8 ! B 1 10 


%2 ] 13[ 1^1 IB 1 lej 17 1 !6 j 19 


20 




L D A 


A.M, T 






ADD 


AM T 2 , 






S T , A 


S ,U M, , , , 






B Z E 








B R,U 


C.H EC.K. , , 






D L,D 


TOTAL, , , 













Figure IV-9. Typical Instruction Lines 



An_ assembly con trol line is interpreted and used 
for internal assembly operations and docs not become 
part of the assembled program. However, a control 
line in certain applications can cause additional words 
to be reserved in the assembled program. Figure 
IV-10 illustrates typical control lines. 



Symbol 


Opr 


Operand 


X 


1 j Z ; 3 ! < i S I 5 


« ! B 1 10 


t2|l3il4|ls|tejl7jtajl9 


20 




O R,G 


1,0 




SUM, 


B,S ,S 


2,0 




C R,D I N, 


E,Q,U 


2,5,6, , , , , 
















1 — < — 1 i 1 





^ifnire IV-10. Assembly Control Lines 



Constant lines indicate to the assembly program the 
type of constant required by the user. The assembly 
program then absenibles the constant in the correct 
I form, Fiffure IV- 1 ! contains constant lines. 



Operand Field 



The content of the operand field depends upon the type 
of I'ne, whether it is instruction, assembly control, 
or constant. If an instruction line is involved, the 
operand may be: 



1. A mnemonic specifying an operation to be 
performed by the computer, as shown by 
line 1 of Figure IV- 12. I 



Symbol 


Opr 


Operand 


X 


'!» 1 •;'''■ « 


. ; . 1 10 


I2| 13| 14|1b| lej17 1 18 i 1» 


26 




B C, S 


B,P,N, , , 


6 






B, R, U. 


*..--, 1 








L D, A 


P, R I ,N,T,+ ,4 








C, H, S 










ST, A 


P.RI NT, + ,4,0 








B C, N 










B, R, U 


* „ - , 1 








R, C, D 


0,2 5 ,6 , , , , 






H, C, R 








L, D, A 


S ,Y,N,C , , , , 













Figure IV- 12. Coding Sheet Illustrating 
Operand Use by Instruction Lines 



A decimal number which is the address por- 
tion of a computer instruction. This decimal 
address will be converted to binary by the 
General Assembly Program. For an example, 
see line 8 of Figure rV-12. 



Symbol 


Opr 


Operand 


X 


1 j 2 ; 3 ; 4 1 5 , 6 


. j . 1-0 


11 1 U [ 1« 1 H 1 l» 1 17 1 11 i 19 


20 










FIVE 


DEC 


5 






DEC 


3,14,1,7, , 




C O N # 1 


D D C 


6,2 58,9,2 , 






OCT 


37 7 77,6,6, 






F D C 


1 ,. ,B 1 , , , 













Figxire IV-11. Constant Lines 



A symbol representing some address or num- 
ber within the program. This symbol in con- 
junction with plus (+) or minus (-) can be used 
for relative addressing. The combination of 
symbol and sum (+) or difference (-) must 
not exceed eight (8) characters. Figure rV-12 
contains illustrative examples. The asterisk 
and relative addressing involving arithmetic 
expressions can be used to reduce the total 
number of program symbols used, if neces- 
sary. 
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Symbol 


Opr 


Operand 


X 


REMARKS 




1 1 2 1 3 1 1 ! B 1 » 


S { 6 


10 


12|l3|l4llB}iell7Jt8llg 


20 


31 n 







0,R 


G 


1,0,0,0, , , , 








CARD , 


B. S 


S 


3,4, 








S TOR E 


B S 


S 


4 








T, O, T. A, L. 


E, Q 


u 


5,0 










R E 


M 






CONSTANTS 




C, O, N S T, 


D E 


C 


2 8 








C, 0,N.# , 1, 


B,D 


c 


6,2,8,1,5,4, 










OiC 


T 


3 ,7 7 ,7 ,7 ,6 ,6 





















Figure rV-13. Examples of Operand Field in Assembly Control and Constant Lines 



When an assembly control line is specified, the oper- 
and field of the line contains information required by 
the General Assembly Program. Figure rV-12 con- 
tains illustrative examples. 

If the operand field is part of a constant line, the 
operand then must specify the constant. 

X Field 

The X field (column 20) specifies address modification 
before execution of the assembled computer instruc- 
lIgh, or it liiay proviuc additiuncil iiuOi'iiiatiuii to Lhe 
assembly program, such as plug number or tape 
handler number. If the X field is part of an instruction 
line, it may be blank or contain either a number or an 
alphabetic. No significance is attached to this field by 
constant lines. Figure IV- 14 shows use of the X field. 



Opr 


Operand 


X 




e 1 1 10 


12|l3|l4|lBJ1ej17ll6JlS 


20 


31 


B,C,S 


B.P N , , , 


6 




B R U 


*,-,! 






L, DA 


ST O.R.E, 


2 




ADD 


S,U,M 






S T,A 


S.U M 






L A,Q 




A 





Figure IV- 14. X Field Examples 



Remarks Field 

The remarks field is a helpful programming aid in 
that it can be used by the coder to explain or describe 
the actions of each program line. The remarks field 
is handled by the assembly program and does not 
require memory locations within the assembled pro- 
gram, nor does it affect the assembly process. The 
remarks field should be used extensively by pro- 
grammers for adequate documentation. Refer to 
Figure TV- IB for examples. 



Sequence 

The sequence field specifies the order of the lines to 
be assembled. This is strictly a programmer's con- 
venience and is checked only by General Assembly 
Program II when specifically requested by use of an 
SEQ pseudo-instruction. Cards for the source pro- 
gram should be sequenced to prevent accidental mixing 
going unnoticed. Normally, the General Assembly Pro- 
gram does not check the card sequence; it does show 
the sequence on the object program listing. Figure 
IV-15 shows sequenced lines. 

A symbolic program written for General Assembly 
Program II has both pseudo-and machine instructions. 
Pseudo-instructions are symbols representing infor- 
mation needed by the assembly program for proper 
assembly. These instructions, along with the machine 



Opr 


Oporand 


X 


REMARKS 


Scquanc* 


. 1 . i ,0 


(2Jl3|l4ll5|l6J17J18it9 


20 


31 75 


76 1 77 j 78 ] 7B j 80 


R, E, M 






SUBROUTINE TO CHECK VOID DATE 


, , , ,5 


D L D 


VOID 




VOID DATE DAY/MONTH/YEAR 


,1 ,0 


S.UB 


C,0 N ,# 1 ^ 




VOID CONSTANT 


, ,J ,5 


B N Z 


O, K 




DATA NOT VOID SO PROCESS 


, , ,2 .0 


S P B 


CLOSE , , 


1 


CLOSE FILE DATA VOID 


,2 5 



Figure IV-15. Remarks and Sequence Entries 






T^ /C^ ^r\ rzD 

L /L, /Z. nj ! 
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PSEUDO INSTRUCTIONS 



CONTENTS OF 






OPR FIELD 


TYPE OF ASSEMBLED INFORMATION 


NUMBER OF CHARACTERS SPECIFIED 


ALF/NAL 


One BCD Word 


3 Alphanumeric 


MAL 


One to fifteen consecutive BCD Words 


3 Alphanumeric per word 


PAL 


One to fifteen consecutive BCD Words 






with sign bit on in last words 


3 Alphanumeric per word 


DEC 


One Fixed Point Binary Number 




DDC 


One Double Length (2 word) Fixed Point 
Binary Number 




FDC 


One Floating Point (2 word) Binary 
Number 




OCT 


One Binary Word 


Up to 7 Octal Characters 


Z(XX) 


One Binary Word 


Up to 7 Octal Characters 



Table 1. Pseudo-Instructions for Constant Lines 



instructions, are included in the object program listing. 
Normally, pseudo-instructions are not executed by the 
computer, but are used to generate constants, control 
the assembly, and provide information on the program 
listing. 

Pseudo-Instructions Used for Constant Lines 



Note that spaces are indicated by leaving the column 
blank, which results in an octal 60 being placed in the 
memory location by the assembly program. If the 
desired data is not left- justified, starting with column 
12, incorrect constants will invariably result. 

Example: 



ALF 



ALPHANUMERIC 



This instruction causes alphanumeric constants (if 
three alphabetic or numeric characters) to be entered 
in the object program. The first three characters in 
the operand are converted to BCD and placed in a 
memory location determined by the assembly program. 
Blanks or spaces, where desired, must be indicated. 
Only columns 12, 13, and 14 of the operand field can 
contain the data for the instruction. 

Example : The words, "PLANT CODE NOT IN 
TABLE", comprise a program type- 
writer message and may be entered in the 
object or assembled program by using 
the ALF instruction. 





Symbol 


Op. 


<V».rf 


X 


) 




.1 .1 .1 ■! •! . 


• 1 • !'• 


tl [ IS [ 1*1 IS 1 IB 1 tT ] H 1 IS 


10 


/ 


1 










ADDears in I 


2 










Memory J 


3 




A L, F 


P L A 




0604743 


4 




A. L F 


. NT . . . 




0606045 


5 










, 



The constant in line three (3) results in the loss of 
the character A, and line four (4) contains two blanks 
(octal 60) and the character N only, losing the char- 
acter T. 

It should also be noted that an ALF command is re- 
quired for each line containing the desired alphanu- 
meric constant. 



SrMrfMi 


Off 


or>~d 


X 








•■l"l"l"l"l"l"l" 


■ 


" 7 










ADoears In Memorv \ 


TYPE 


A, L, F 


P, L, A . , 




0474321 / 




A, L. F 


N T 




0456360 ( 




ALF 


COD 




0234624 V 




ALF 


EN 




0256045 J 


. 


ALF 


O T , 




0466360 f 




ALF 


I N 




0314560 A 


■ ' 


ALF 


TAB, , , , 




0632122 ; 




ALF 


L E . . , 




0432S60 / 




, 









NAL 



NEGATIVE ALPHANUMERIC 



This pseudo-instruction is used to enter the 2's com- 
plement of an alphanumeric constant in the object 
program. The assembly program applies the same 
requirements to this instruction as it does to ALF. 



^ 

{h 



Lb 



^^r^ 
^/A^ 



IV-IO 



Example: The 2's complement of the codes Al4, 
AB2, ABF are to be placed in the object 
program. 



I .1 .; .1 



C O D E 



"TTTT 



MiAi L 



N A L 



■I ■■! '«I-M~ 



A. 1 4, 



Appears m 



Memory 



3567674 



The data enters memory as shown below. Note that 
memory word four (4) of the data contains a one (1) in 
the sign bit or zero (0) position of the word. 





uaia 


1. 


PLA 


2. 


NT 


3. 


COD 



4. E 



0474321 
0456360 
0234624 
2256060 



MAL 



MULTIPLE ALPHANUMERIC 



This pseudo-instruction will enter alphanumeric data 
into as many as fifteen consecutive memory locations. 
The number of words to be filled must be specified by 
a numeric in columns 12 and 13 and the data in the 
remarks field. 

Example: 



Symbol 


Opr 


Operand 


X 


( 


.uUuuu 


.|.!,o 


„l„l,i,l„l„UI,. 


20 


31 ) 


TiYiPlE, , 


MA,L 


8| 1 1 1 1 1 1 




PLANT CODE NOT IN TABLE^ 





1 i 


1 1 1 1 1 1 1 




\ 



DEC 



DECIMAL 



This instruction places the binary equivalent of a 
decimal constant in the object program. The constant 
is assigned a memory location as determined by the 
assembly program. The operand portion of the con- 
stant can be symbolic or decimal. If symbolic, at 
least one character must be used other thanO through 
9, plus (+), minus (-), decimal point (.), B, or E. If no 
sign is present, the number is assumed to be plus (+). 
A minus sign, specifying a negative number, results 
in the 2's complement of the number being placed in 
memory. 



This data is placed in memory as follows: 



Exaiiiples of plus iiumbcrs; 



Data 

PLA 

NT 

COD 

E N 

OT 

IN 

TAB 

LE 



Memory 

0474321 
0456360 
0234624 
0256045 
0466360 
0314560 
0632122 
0432560 



PAL MULTIPLE ALPHANUMERIC FOR PRINTER 
WITH PRINT LINE INDICATOR 

This pseudo-instruction is similar to the MAL instruc- 
tion with the exception of entering a minus sign in the 
last word of the alphanumeric data. (The minus sign 
is primarily used for control purposes during high- 
speed printer operation.) 



Example: 



Symbol 


Opr 


Operand 


X 


^ 


1 1 2I al 4 1 s\e 


8 t 9 |lO 


12Ji3]i4|i5|i6|i7|t8|i9 


20 


31 ( 





P,A|L 


^1 1 1 1 1 1 1 




PLANT CODE ) 


1 1 1 1 1 


: 1 


1 1 1 1 1 1 1 




( 



Opr 


Op*nnd 


X 


Nj 


a j B j 10 


I2J1S|t«|)»|Hl|l7|H}l» 


20 


31 


1 I 






Appears in / 


1 










/ 

Memory j 


D.E.C 


5 , , , . 








0000005 I 


D EC 


1,2.8, , 








0000200 \ 


D.E.C 


7,37,3.8 








0220012 / 


D.E.C 


9,2 8, 








0001640 / 


D,E,C 


12, , , 








0000014 \ 


D,E,C 


+,1,7,5,0 








0003326 













Examples of minus numbers: 



Opr 


Operand 


X 


[ 


8 1 a 1 10 


12 1 13 1 14 1 IB 1 16 j 17 j IB j IB 


20 


" ) 








Appears in / 


I ... 








Memory I 


D E C 


- 5 






3777773 \ 


DEC 


- 1 2 8 






3777600 \ 


DEC 


- 7 3 7 3 


8 




3557766 / 


DEC 


-6397 


8 




3603026 ( 


DEC 


- 1 






3777777 \ 










\ 



ll 
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The character B can be used to specify a binary scale 
for either plus (+) or minus (-) numbers. The number 
following B is used to position the binary point for the 
decimal constant preceding the B in the operand field. 
If no scale is specified, the assembly program assumes 
a binary scale of 19. 

Examples using the B character: 



DDC 



DOUBLE LENGTH DECIMAL 



Opr 


Operand 


X 


/ 


a 1 9 1 1 


12 113 


1 4 1 1 5 1 t 6 


17 i IB i 19 


20 


31 \ 










Appears in / 












Memory { 


DEC 


5 ,B 


1 6 








0000050 A 


DEC 


- 5 


B 1 6 








3777730 / 


DEC 


7 ,3 


7 3 8 


B 


1 ,8 




0440024 \ 


D, E, C 


- 4 


B 3 








3000000 ) 


D, E, C 


+ 4 


B 3 , 








1000000 \ 












< 



The characters . and E can be used to specify deci- 
mal scales, or decimal exponents. Normally, the . 
indicates a mixed number, while E specifies leading or 
trailing zeros. For example, E-2 indicates leading 
zeros and E2 indicates trailing zeros. If the char- 
acter B is not used with . or E, only the integral 
portion of the converted number will be used. If the 
number of characters used to specify a decimal con- 
stant exceeds eight, the operation field of the next 
line is left blank and the constant is continued in the 
operand field, using two lines for one entry. Only one 
binary scale and one decimal scale can be indicated 
for a single decimal constant. 



Examples 


! using the characters . 


and E: 




Opr 


Operand 


X 


/ 


« a 10 


12]l3jl4]l8|l6jt7 


•" 


19 


20 


/ 


1 i 








Appears in \ 












Memory \ 


D, E 


C 


5.52 , 






0000005 \ 


D E 


C 


5 , . 5 ,2 B 1 


8 






0000013 


D E 


c 


. ,5 2 B , 1 , 8 , 






0000001 / 


D. E 


c 


5 , . 5 ,B 1 ,8 


,E 


2 




0002114 / 


D,E 


c 


. 7 3,7,3,8 


E 


2 




0000000 \ 






B 1 8 , . 






\ 


D, E 


c 


- . 5 ,6 2 ,5 


B 


1 




\ 













3777340 / 


D^ E 


c 


- . 1 ,8 7 ,5 


,B 


1 




3777640 ] 











/ 


DEC 


.3 2 ,1 7 ,B 


|0| 




0511327 \ 



DDC, like DEC, is used to enter a decimal constant in 
the object program. This constant is assigned two 
sequential memory locations starting with the first 
even-numbered location available. If no binary scale 
is specified, the assembly program assumes a binary 
scale of 38. 



Example of DDC: 



Opr 


Operand 


X 




/ 


•I'M" 


I2|13J14J1SJ 161171 18 jig 


20 


3, / 








Appears in "| 
















Memory 




D 


D 


C 


1,2 , 








0000000 / 


















0000014 f 




D 


D 


c 


7.8 643 


2 






0000001 \ 


) 
















1000000 ) 


D 


D 


c 


- 2,4 , , 








3171111 ( 
















3777750 N 


D 


D 


c 


• ,0 ,7 ,9 ,6 


8 


9 ,6 




0024315 








7 9 2 |8 ,B 


2 






0127545 ( 


D 


D 


c 


2 4 B, 3, 6 








0000000 \ 
















0000140 


; 


D 


D 


c 


1 • ,5 ,7 ,0 


7 


9 ,6 




0622077 / 








3,1,8,4,7 


B 


2 , 




0651010 


D 


D 


c 


1 ,0 , 1 ,8 ,B 





E, - 




0000000 j 








1.0, , 








0066516 1 


D 


D 


c 


1 5 ,2 ,5 ,2 


7 ,B ,0 




0000007 \ 


, 






E,-,1,0, , , , 




1774566 


J 



FDC 



FLOATING POINT DECIMAL 



This instruction is used to enter a floatingpoint deci- 
mal constant in the object program. The use of FDC 
is the same as the DDC, i.e., two sequential memory 
locations, starting with an even-numbered location, 
are assigned by the general assembly. After con- 
version, the constant is in normalized form, if the 
specified binary scale is minimum; otherwise the con- 
stant is unnormalized. If no binary scale is specified, 
the assembly program determines the binary scale and 
a normalized floating-point number results. 
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Examples of FDC: 



OCTAL OPERATION CODE 



Opr 


Operand 


X 


\ 




8 1 ft 1 


,0 


t2{l3J14JlB|l6J17 


18 J 19 


20 


\ 










Appears irX 










Memory 1 


F D 


C 


1 , B 1 , 






0006000 1 




1 , 1 I > 






0000000 \ 


F D 


c 


1 . . 4,42,6 


9 5 




0006705 






0,4 1 ,B ,1 , 






0507312 














F, D, 


c 


3 . 3,2,1,9 


2 ,8 




0013244 




9 ,4 ,B ,2 . 






1517022 


\ 




F, D, 


c 


1 .0 B ,4 , , 






0022400 / 










0000000 


' 














F D 


c 


1 F 4 . 






Both give 


> 






. and , , , 






same results: 




F, D, 


c 


1 .E ,4 ,0 , B, 1 


3 3 




1027530 












0430221 












Result unnor-' 


i 










malized ] 


F D, 


c 


1 E 4 >0 ,B , 1 


3 ,4 




1031654 y 


f 










noi /ii 1 n / 










( 



The Z pseudo-instruction is used to set the operation 
bits of the assembled instruction to any desired con- 
figuration. The operand can be decimal or symbolic, 

umn 8 with the two octal digits desired as an operation 



Sample Coding: 



<v 


- o;:;^- - 


X 


MMARKS 






in 


jl 






i_ 


EQUIVALENT TO LDA TEMP 2 


Z O 4 


- 1 


? 


EQinVAI.ENT TO BXL 100 2 


Z 2 







EQmVALENT TO WORD 1 OF RWD 




1 









Listing: 



Memory 
Location 
(Octal) 

01 76^+ 

01765 

f C 



0772 



Memory 
Contents 
(Octal) 

0000000 
0000000 

( ( 

2000000 



GAP 



TEMP 



DDC 



ZOO TEMP 



Z20 



OCT 



OCTAL 



Control Line Pseudo-Instructions 



The entering of octal constants in the object program 
is accomplished with the OCT pseudo-instruction. The 
octal number specified in the operand is right- justified 
and assigned one memory location designated by the 
assembly program. Leading zeros in the operand field 
are ignored. A leading minus (-) in the operand sets 
the sign bit of the constant to one (1). Octal constants 
are used primarily for establishing particular bit 
configurations in memory. 

Example of OCT: 



Opr 


Operand 


^ 


8 , 9 t 1 


1 2 


',3 


1 A 


list 16 


w 


IS 


IS 


20 


31 / 


















Appears in \ 


















Memory j 


OCT 


2 


7 


7 


7 7 


6 


6 




2777766 / 


OCT 


3 


7 


7 










0000377 { 


OCT 




3 


7 


7 








2000377 \ 


OCT 


2 


7 


6 











0027600 ) 


OCT 


3 


7 


7 


7 7 


4 


fi 




.1777748 / 


<? g T 




-L 


JL 


,7 ,7 


JL 


Jl. 


^^_ 


3777746 \ 



Assembly control instructions provide information 
which controls the internal operations of the general 
assembly program, although this information does not 
become part of the assembled program. In certain 
cases, additional words may be added to the assembled 
program. Table 2 is a list of control instructions. 



Symbol 


Opr 


Operand 




ORG 


Decimal or Symbolic 




LOC 


Octal 


Optional 


EQU 


Decimal or Symbolic 


Optional 


EQO 


Octal 




BSS 




«jptionai 






SBR 


Symbol of Subroutine 




TCD 


Decimal or Symbolic 




END 


Decimal or Symbolic 



Table 2. Assembly Control Pseudo-Instructions 



(In 
\ til 



"}) "II IS 
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SBR 



SUBROUTINE CALL 



This pseudo-instruction can only be used if the 
assembly is called from the General Assembly Pro- 
gram II master tape. SBR is used to instruct Pass to 
obtain the specified subroutine from the General 
Assembly Program II master tape. An error indi- 
cation results if the specified routine is not present. 
(See section Addition of Symbolic Routines for de- 
tailed information about error indication.) 

The subroutine calls are saved until the user's END 
card is encountered. The specified subroutines are 
then placed behind the user's coding. Note: the sub- 
routines are assigned memory following the last in- 
struction of the user's coding. If the user desires, the 
subroutines can be placed in reserved memory loca- 
tions. See examples below. 

Example: 



oi» 


'OpMand 


X 


UMAms 


• 1 • ]■• 


'■i"l- !■•!■. i- 


IS 


ji '■' n 


1 B R 


ST RIP 




BINARY - BCD rONVEHSlON ROtlTINK 


S N O, 


S T A B T ' 

















Listing: 





02623 


SBR STRIP 
REM 


02623 


2514003 


STRIP BOV 


0262it 


0000000 


=1102 LDA 


02625 


0000000 


LDA 1 



This subroutine can also be called in the following 
manner: 

Coding: 



Symboi 


1 Opr 


Operand 


nn 


1 r 3 " 5 


.!«'.'' = 


.2 


13 14J15|16,17;1 


8 . 19 1 2C 


I. n A 


T 


E M P 






A D D, T 


T A T, 






_/__ / i 






') )' 


/ \ 




S P B , N 


P R T B n 


, 1 


N P R I B 


D S B R 

, r ( 














) ) 1 


i E R 


, D D C.\0 






ENDS 


TART 











In both of these examples, the STRIP and NPRIBD 
subroutinps arc assigned memory locations following 
the last instruction (ZERO DDCO) of the coding. 



If the programmer desires to place the subroutine in a 
specific location other than at the end of his program, 
he must reserve a sufficient number of words in mem- 
ory by using a BSS instruction and by placing an ORG 
card with the origin of the reserved area immediately 
preceding the END card. 

Example: 



.rr^?^?^ 


Of I <lp«-J 1« 




L.U B H* 1 


B S S 17 6 


RK8ERVI 79 LOCATIONS FOR BOUTINl 


, 


L D A T E H P 




^4~^-^ 




V 1 


i i ■ 


SPBNPRIBD 1 


|S B H,N p R I n n 


\ll t \ 


Li > 1 : 




B R Ul« 




jORa[sUBR«l 1 




IMDSTART 


1 





The NPRIBD subroutine is listed at the end of the 
object program, but the ORG SUBR#1 instruction 
causes General Assembly Program II to assign 
memory locations starting at SUBR#1 rather than 
locations following the BRU*. 



ORG 



ORIGIN 



This pseudo-instruction controls the memory assign- 
ments performed by the general assembly program. 
When an ORG instruction is encountered, the assembly 
program uses the contents of the ope rand field to reset 
an internal counter in the assembly program referred 
to as the Memory Allocation Register (MAR). If the 
operand is decimal, it is converted to binary before 
being used. If symbolic, the operand must be pre- 
defined before being used. The general assembly 
program ignores all but the operand field on an ORG 
instruction. When no ORG is used, the assembly pro- 
gram assigns an origin of 00000. 

Examples of ORG Pseudo-Instructions: 



Op, 


Op.,.nd 


X 


REMARKS 


. » 1- 


1; ,3 >. . 1, IE ,7 1. ,, 


,0 


31 75 


R G 


1 2 8 




THE MAR IS SET TO 010000000 (200) AND NEXT 




1 


INSTRUCTION STARTS AT AN OCTAL 200 



Op, 


Op*fio«l 


X 


REMARKS 






'- 


!1 71 


ORG 


BEGIN 




THE SYMBOL "BEGIN" MOST BE PREDEFINED 






AND THE MAR IS SET TO THE ASSIGNED VALUE 




lIF BEGIN IS NOT PREDEFINED THE MAR IS SET 1 


L . . 1 ITOZERO 1 






'T^W 
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Example: Use an ORG to assemble an object pro- 
gram at memory location 1000 (decimal). 



BSS 



BLOCK STARTED BY SYMBOL 



Symbol 


Opr 


Operand 


X 


1 1 2 j 3 1 4 1 5 1 6 


B 1 8 1 10 


lz|lsll4|tB|l6l17[|sjl9 


20 




0, R G 


V 




T W O 


D. E C 


2, , , , , , . 




TEN 


D, E, C 


1,0 













A BSS causes the assembly program to increase the 
Memory Allocation Register (MAR) by the number in 
the operand field. This instruction is usedto reserve 
a LnOCK Oa meniGry iocations in tue Oujeci program. 
The operand field may be decimal or symbolic. If 
symbolic, the symbol used siiusi be predefined; if 
decimal, the operand is converted to binar'" before use. 
The BSS can be used as often as needed. 



LOG 



LOCATION IN OCTAL 



This operation performs the same functions as an ORG; 
however, the contents of the operand field must be an 
octal number. The assembly program will ignore 
leading zeros. 

Example of LOG: 



TWO 
TEN 



L O C | 1 T a 

D E C! Z , 

D E C 1 



MAR IS SET TO 001111101000 



EQU 



EQUALS 



This instruction can be used to over-rule the normal 
memory assignment by the assembly program. The 
operand (decimal or symbolic) indicates the specific 
memory location to be used. This instruction does not 
affect the memory allocation register, thus it may be 
used as often as necessary and at any point within the 
source or symbolic program without disturbing the 
memory assignment sequence. If the operandis sym- 
bolic, the symbol must be predefined. A decimal oper- 
and is converted to binary before being utilized. 



ly.M 


OFt 


OmtohI 


K 1 MMARRI 




ORG 


2 5 6 


I i __ __ . - 


CRD 


BSS 


2 8 


IdAR IS INCREASED BY 28 


PRINT 


BSS 


4 


MAR IS INCREASED BY 40 


INDEX 


B S S 3 


; MAR IS INCREASED BY 3 


? T 9 R g 


B S 8 S A V E 


[SAVE MUST BE PHEDEFTNED 



The BSS instruction of Line 2 of the example will re- 
serve 28 consecutive memory locations starting at 
location 256. The other BSS commands reserve addi-- 
tional blocks of memory. 



TCD 



PUNCH TRANSFER CARD 



A TCD generates an instruction that transfers control 
to the location specified by the operand field at exe- 
cution. In the relocatable format this is a t'/pe 5 rare!. 
The operand may be decimal or symbolic. A TCD may 

be udeu a.s ufltiii d.s iieut:ai>ttx_y iii ct iduuluv ijiu^i^iii. 

because this instruction does not affect the memory 
allocation register. A symbol in the operand must be 
predefined. 

Examples of TCD: 



iTf-bol 


Op. 


Op.r.n- X 


REMARKS 








1, 




TCD 


2 9 1 




TCD 


S T A R T # 1 


START #1 MUST BE PREDEFINED 






1 








1 



Example of EQU: 



Symbo[ 


Opr 


Op^rixd 


■ X ' REMARKS 




CRD 
AREA 


' F. o ir 

: EQU 


2 5 6 
CRD 


^ CRD MUST HAVE BEEN PREDEFINED 







: E Q Ul C R D . 4 







The transfer card is the last card of the object pro- • 
gram; when the program is loaded for execution, the 
transfer card directs the centralprocessor to the loca- 
tion of the initial program instruction: 



EQO 



EQUALS OCTAL 



The EQO instruction is the same as the EQU except 
that the operand field must be in octal form. Leading 
zeros in the operand field are ignored. 

Examples of EQO: 



Symbol 


Op. j Op*r.n.t ' X 1 REMARKS ] 






II -S 1. 1! , 1. , 1' ; 1. <> 


.- 1 11 T. 


CRD 


EQO 


4 




AREA 


ECU 


CRD 


CRD MUST HAVE BEEN PREDEFINED 












1 



START 

PROGRAM 
BODY 

STOP 

C0N#1 

etc. 

ORG 

BSS 

ORG 

BSS 

TCD START 
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END 



END OF PROGRAM 



This pseudo-instruction causes the assembly program 
to generate a transfer card to transfer control to the 
initial program location (specified in the operand field) 
when the object program is loaded into memory for 
execution. In the relocatable format, this is a type 3 
card. The operand field may be decimal or symbolic; 
if symbolic, the symbol must be predefined. The END 
instruction indicates the end-of-program and termi- 
nates assembly. It must be used only once and must 
be the last instruction of the source program. 

Failure to use the END instruction results in a type- 
writer message so indicating. Assembly continues, but 
no transfer card is generated. Thus, this instruction 
should appear in the program. 



The END instruction of Line 1 would result in the 

puuchiiig of a transfer card as shown in Figure 16. 



REM 



REMARKS 



The REM mnemonic in the operation field is used to 
provide additional information on the object program 
listing as given in the remarks and sequence fields 
columns 31 through 80. All other fields in the instruc- 
tion line are ignored. 



Examples of END Instructions: 



Opt 


0,».rd 


X 


REMARKS 


1 , . 1 10 


,.|,.!,.i,.i,.|,.|,.|,. 


!a 


31 75 


END 


10 






END 


START 




START MUST BE PREDEFINED 


END 


C O N S T + 3 




CONST MUST BE PREDEFINED 



















Example of REM: 



0»r 


Op*rMd 


X 


■MUUBd 




UJLlZi 


'M.-!-l-l'-l"l"l" 








R.E.ti 






SUBROUTINE TO CHECK VOID DATE 


V. 0,0. 5 
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I I 
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aiJS 71 
lit I 
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Figure IV- 16. Transfer Card Generated by END Instruction 
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ADDITIONAL PSEUDO-INSTRUCTIONS 



NAM 



PRINT NAME OR TITLE ON EACH PAGE 



General Assembly Program II provides additional 
pseudo-instructions: 



EJT 



EJECT PRINTER PAPER 



Normally the assembly program prints 54 lines per 
page and then ejects to the top of the next page. When 
the EJT command is encountered, the line count is 
reset and the paper is immediately ejected to the top 
of the next page. 

Coding: 



A page number is printed at the top of each page of 
listing. When NAM is used with a name or title in the 
operand, this name is also printed at the top of each 
naf^'e. The name ma'^^be chan'^ed b"^' issuin"" a n*^'**' ^^ ^^ 
instruction. 

Coding: 



Syd^ 


OF" 


Or>~4 


X 


»a 


,i .j .i .; .1 . 


■ 1 • 1 ■- 


■■ i ■- 1 " 1 ■' 1 ■• 1 ■■ 1 ■' ! ■• 


ii 


=' / 




N A ii 


ED I T * ,3 , 




BOUiinf iiiLE 


/ 




ORG 


10 




\ 


Z K R 


D EC 







; 










( 













o». 


«,«>•.< 


K 


UMARKS 1 


.,.(,. 


,.] ,.l ,.l,.j..l„l,.l,. 


IB 


ji m 


D B C 


tilt ■ \ 


JLtJt 


1 END ADJUSTMENT CONSTANTS 


K J T 


1 CONTTtmH IISTDIGONNEITPAGE 







SEQ CHECK SOURCE PROGRAM CARD SEQUENCE 

NUMBERS 



NLS 



NO LIST 



General Assembly Program II normally lists the 
object program on the high-speed printer. The NLS 
pseudo- instruction may be used at any point in the 
source program to inhibit the printer listing. 



LST 



LIST 



Except for listing, sequence numbers are normailv 
igiiureu. However, n me st.w cunnutnia is usea, Uiti 
assembly nroeram checks to spp that thp card spqupncp 

Numbers less than, or equal to, the preceding number 
are errors and are flagged with an S in the right 
margin of the listing. 

Coding: 



Oft 


0,„mi 


X 


RMMmt 1 


■ I • 1 1* 


,.|,.|„|..|..|.,|..l.. 


I« 




g I Q 






CHECK SEQUENCE NOe. 


oJ 


L D Z 


Z E R 


1 


U 


D L D 


T « U P 


i 


It 










' : ; 1 



Where the assembled program listing has been stopped 

by an NLS, the listing- can be resuiised with an LST 
instruction. 

j^xaiiipie: 



Symbol 


Opr 


Op«..^ 


X 


REMAI 




,[ .i .1 .1 .1 . 


■ 1 • 1 10 


I* 1 ■■ 1 I4| ,■ 1 1. 1 ,T 1 1, 1 ,. 


■ 


i' 






NLS 




EI 'MT'ATE LISTING OF 




PUN 


D D C 


, 


NPRIBD SUBROUTINE 


\ 


P U N 1 


B S S 


* . , 


1 


PUN 2 


B S S 


2 






/ 




C ( 










\ 










) f 








N P R I B D 


E Q U 


P U 


N + 1 2 








L S T 






RERTIME I.IRTTNr. V, 


T E MP 


B S !! 


2 

















i7^ 
113 



^ 



// // "nl 

fa rz] \^ 
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RELATIVE ADDRESSING 



Coding: 



The General Assembly Program provides the facility 
for assigning addresses relativeto some starting point 
or some symbolic memory location. 

This is termed relative addressing and is a useful pro- 
gramming aid. Relative addressing can be accom- 
plished in several ways. Some examples are shown 
below. 

Example 1: 

Coding: 



Syirbal 


Op- l Op.f»"d 


— nn MMARKi 








CON 


; E Q u: 5 




O B G C O N 


THIS ORG WILL START AT MEMORY LOCATION 
500 AS ESTABLISHED BY USE OF EQU FOR THE 






SYMBOL 1 




O R G N + 5 


STARTING MEMORY LOCATION BERE IS 650 
DUE TO RELATIVE ADDRESSING 




- --■ ; 





A very convenient method of relative addressing that is 
widely used and which can greatly reduce the number of 
symbols required is the use of the asterisk (*) char- 
acter. An asterisk in the operand field of an instruction 
is interpreted by the assembly program as the address 
of the instruction itself. 



s,.,., 


Opr Opirind ! * \ NfMASKS 






A M T 


E Q U 2 


. THIS INSTRUCTION ASSIGNS THE SYMBOL AMT 






TO MEMORY LOCATION 200 




LDAAMT + 6 THIS INSTRUCTION ILLUSTRATES RELATIVE 




ADDRESSING . + 6 REFERS TO MEMORY - 




! LOCATION 206 




L D aI A M T - 2 


AMT - 2 IS MEMORY LOCATION 19B 




1 . . 




1 



Example of Use of Asterisk: 



Since the general assembly program has relative 
addressing capabilities, it will assign the correct 
memory addresses to AMT + 6 and AMT - 2. 

Example 2: The starting locations of sections within a 
program can be determined by relative 
addressing ORG instructions. 



Ol« 


0,..,.^ 


T 


UMAHCS 




• 1 1 1 <° 


,.i..| ,.|..|..|.,|..|.. 






,.[„,.. |,.|.. 


B C N 






IP THESE INSTRUCTIONS START AT UEUORY 




B R B 


• - 1 




LOCATION 1000, THE ASTERISK IN THE OPERANt i 


R C D 


CRD 




FIELD OF THE SECOND INSTRDCTION IS INTER- 




B C B 




PRETED BY GAP AS BEING 1001. THE ADDRESS 




L D A 


• 4- a 




IN THE OPERAND FIELD IS 1001 - 1 or 1000- 




B M 1 










B R U 


• 




THE raSTRUCTlON ON LINE 7 CAUSES THE COM 




SOB 


C N 4 








B R C 


• ♦ 8 




THE ASTERISK IS INTERPRETED BY GAP AS THl 










ADDRESS OF THE INSTRUCTION ITSELF. THE 










MACHINE THEN EXECUTES THE SAME INSTHUC 






.. .■ 


TIOM CONTIKUOUSLT. 


, 



The use of the asterisk in the above example (line 7) 
is equivalent to writing the same symbol in both the 
symbol and operand fields of the same line. 
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DETECTED CODING ERRORS 



As an aid to the programmer, the general assembly 
program detects certain types of coding errors and 
lists them on either the typewriter or high-speed 
printer. 

Pass provides a listing of undefined symbols, mul- 
tiple symbols, no reference, and, if the tape assembly 
"rc'ram is used an inddcation of any tape errors. 

rigUlC J. I IS A OCtXlipiC pXllil,— UUL XLKJLII. f CL00 \# . 

Pass 1 provides a multiple symbol list that gives the 
memory locations referring to the symbol. This print- 
out can be done on the high-speed printer or, if no 
printer is available, the console typewriter. A print- 
out from the HSP appears as shown: 



Example: Print-out from Pass 2 



01752 0001757 



LOB) FIG 



/ 



4 



The OPR field 

contains an 

illegal operation. 




Code 



U 



Meaning 

Undefined Symbol. A symbolic name 
appearing in the operand field does 
not appear in the symbol field of any 
instruction or constant line. 0000 is 
used as an operand address. 



Pass 2 lists the assembled program along with codes 
which indicate an error or a suspected error in the 
proKram coding. Six syaibois (O, U, Ivi, A, T, and S) 
are used as error codes. These error codes are 
printed to the left of each line on which they occur. A 
brief description of these codes follows: 



Code 



O 



Meaning 

Illegal Mnemonic Operation. 
becomes an LDA (00). 



This 



Example: Print-out from Pass 2 




The symbol AMT is not 
defined in the symbol field. 



UNDEFINED SYMBOLS 

AMT OUT SAVE 



STRIP 



MULTIPLE SYMBOLS 






SUM 








NO REFERENCE 








#3 #^ 


#5 


#6 


#7 


#11 #12 


#13 


#14 


#15 


#19 #20 


#21 


#22 


#23 


ERRORS 


TAPE 


3 




ERRORS 


TAPE 


if 




END OF PASS 






— ^ 




Figure IV- 


17. High- 


-Speed 1 



#8 

#16 

#24 



#9 


#10 


#17 


#18 


START 





IbliL 
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Code 



Meaning 



Code 



Meaning 



M 



Multiple -Defined Symbol. Either the 
symbol field or the operand field 
contains a symbolic name which ap- 
pears in the symbol field of two dif- 
ferent instruction lines. If the error 
detected was in the symbol field, 
assembly will continue with the pre- 
sent setting of the memory allocation 
register. If the error detected was 
in the operand field, the value as- 
signed to the symbol the last time it 
appeared will be used as the operand 
address in the assembled instruc- 
tion. 



Example : 



Error orSuspectedErrorinX-Field. 
The X- Field is blank in a line nor- 
mally requiring an entry. The X- 
Field contains an entry in an instruc- 
tion line which may be altered by 
address modification. The numeric 
value of the entry in the X-Field vio- 
lates the requirements of the line in 
which it appears. 



From Pass 2 



Example: From Pass 2 



01751 0301 760 




The symbol SUM is used 
more than once in the 
symbol field. 




The X-field is blank on an 
instruction which requires 
an entry. 



Code 



Code Meaning 

A Error or Suspected Error in the 

Operand Address. Blank operand 
field in a line normally requiring an 
address. An entry in the operand 
field of a line which normally should 
be blank. The numeric value of the 
operand does not meet the require- 
ments of the line in which it was 
used. The value of the operand ad- 
dress will be logically OR-ed into 
the instruction. 



Meaning 

Scale Factors in DEC. DDC, FDC. 
The specified binary and decimal 
scales are incompatible. Two deci- 
mal or binary scales have been spe- 
cified in the constant line. 



Example: 



From Pass 2 



Example: 



From Pass 2 




Address left blank. This 
is a possible error because 
the address may be added 
later in the program. 



• s 



01757 0000000 FIG DEC 




The constant in the operand 
field is larger than the scale 
which is assumed to be binary 
19 (B19). This constant must 
be double length. 
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ASSEMBLY OPERATION 



Options &. Console Switches 



General Assembly Program II consists of four separate 
programs: Pass 0, Pass 1, Pass 2A (absolute), and 
Pass 2R ^relocatable^ O^eratino* instructions for 
General Assembly Program II depend upon whether 
a card ^a^er ta^e or mao^netic ta^^e s'^^stem is used 
for assembly and upon the configuration of the object 
system. 

A flow diagram of the four programs is shown in figure 
18, The specifications of the input/ output media can 
be changed during assembly, as long as the output from 
one pass is acceptable as input to the subsequent 
passes. Thus, the operating instructions and console 
switch settings vary with different hardware configu- 
rations. 



The console switches are used to indicate the peri- 
pheral configuration available to the General Assembly 
ProTam II ■^rocram as well a.s other modific^i-tions 
that may be employed while assembling. The setting 
of the console switches ma^ be altered between masses 
but care must be exercised to maintain peripheral 
compatibility between passes. For example, it Is 
possible to specify magnetic tape, card, or paper tape 
input and magnetic tape output to Pass 0, At the end 
of Pass 0, the switches must be altered to specify 
magnetic tape input/ output to Pass 1. At the end of 
Pass 1, the switches may be altered to specify mag- 
netic tape input and paper tape output to Pass 2. 
Figure 18 is a flow diagram of the input/output 
relationships. 



System Configurations 



The minimum hardware requirements for the operation 
of the General Assembly Program II are: 



Console Switch Settings 



Switch L 



A. System 1 - Punched Card 



1. Card Reader 

o. iypewriter 

4. 4096 words of memory 



Normal: 


Absolute output. 


Down: 


Relocatable output. 


Switch 2 





B. System 2 - Punched Paper Tape 

1. Card Reader 

2. Paper Tape Reader 

3. Paper Tape Punch 

4. Typewriter 

5. 4096 words of memory 

C. System 3 - Magnetic Tape or Punched Cards 

The hardware requirements for the operation of 
General Assembly Program n are: 



Normal: 
Down: 



Switch 3 
Normal: 
Down: 



Printer is on-line. 

No on-line printer. An octal deck 

punched instead of binary cards. 



IS 



Tape 3 is used to obtain comments o n the 
Pass 2 program listing. 
Tape 3 is not available, and no comments 
will appear on the listing. (If switch 4 is 
down, switch 3 is ignored.) 



1. 
2. 
3. 



Card Reader 

Card Punch 

Magnetic Tape Subsystem and 4 Magnetic 

Tape Handlers (5 Handlers for complete tape 

operation) 

High-Speed Printer 

Typewriter 



O Oi QO ... 1 £ i-\iri .-1 f i-t —1 X 

u. oiaiii wui US ui iiiciiiuiy ^iviiiiiiiiuiii lui .n.t!iui;a.i- 

able General Assembly Program II) 



Switch 4 



Normal: 



Tape 4 is used as output by Pass and 
input by Pass 1 and Pass 2. Tape 5 is 
used as output by Pass 1 and input/ output 
by Pass 2. 

output via cards or paper tape (switch 4 
overrides switches 3 and 6), 



Regardless of the hardware configuration used during 

assembly of the source program General Assembly SwitclL^. 

Program II will assemble object programs for any 

hardware configuration. Not used. 



/a) 






(n\ f'n] TnJ 
// //' L^^ 
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Symbolic Program 
Input Pass 



Output Pass 
Input Pass 1, 2 



Output Pass 1 
Input Pass 2 



Output Pass 2 




Figure IV- 18. Flow Diagram of General Assembly Program II Input Media, Intermediate 

Storage, and Final Output Media 



\? 
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Switch 6 



Switch 15 



This switch is used only by Pass 2. 

Normal: No tape 6 available. Punched output on 

cards or paper tape. 
Down: Binary program output from Pass 2 is 

written on tape 6 (if switch 4 is down, 

switch 6 is ignored). 



This switch is used only by Pass 0, 

Normal: Read input from card or paper tape and 

process concurrently. 
Down: Read input from card or paper tape and 

write tape #3. Alter Pass to read input 

from tape #3 and process. 



Switch 7 
Not used. 
Switch 8 
Not Used. 

Switch 9 

Nornial: 
Down: 



Switch 10 



Card punch on-line. 

No on-line card punch (if switch 4 is down 

and/or switch 6 is normal, switch 9 is 

ignored). 



Switch 16 



This switch is used only by Pass 0, 



Normal: 



Down: 



Switch 17 



Not used. 



Input to Pass is on cards or paper tape. 
Switch 15 is interrogated. 
Input to Pass is on magnetic tape #3. 
(If switch 3 or 4 is down, switch 16 is 
ignored, if switch 16 is down, switch 15 
is ignored.) 



Nnt iispri 



Switch 18 



Switch 11 

Normal: 
Down: 



Card or magnetic tape input. 
Paper tape input. 



Normal: "No reference" symbols are typed or 

printed after Pass 0. 
Down: Suppresses or terminates the typing or 

printing of the "No reference" symbols. 



Switch 12 

Normal: 

Down: 

Switch 13 



Card or magnetic tape output. Switch 13 
is ignored. 

Paper tape output. Switch 13 is interro- 
gated. 



Switch 13 affects only Pass 2 
Normal: 



Down: 



If switch 2 is normal, printer listing and 
paper tape program. If switch 2 is down, 
paper tape listing. 
Typewriter listing and paper tape pro- 

ncY^qm tif C!txri+r»h 9 i e nrwrviol o-i-iri 4-pVi 1 *3 -J o 

ignored). 



Switch 19 



Except for machine malfunctions, the computer will 
stop during assembly under three circumstances only: 

1. The number of special symbolic operands (symbol 
table 1) exceeds 250, the size allowed by the 
symbol table. 

2. The total number of symbols (symbol table 2) 
exceeds the size of the table. 

3. During the final phase of assembly, a name appear- 
ing in the symbol field cannot be found in the sym- 
bol table 



Switch 14 

Normal: 
Down: 



No packed symbolic listing. 

Print packed symbolic listing (if switch 2 

is down, switch 14 is ignored). 



When these errors occur, an indicative typeout results 
and the computer goes into a programmed loop. Tog- 
gling switch 19 bypasses the "Symbol Table Overflow" 
stop during Passes and 1 and the "Symbol Lost" 
stop during Pass 2. 



rr:]\ 



(^ lt;) fp 



i^[^"ci^(^S 



"v^ 
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Operating Instructions 

for the Minimum Card Configuration 



The following instructions are for loading General As- 
sembly Program II from cards for this configuration: 

Card Reader 
Card Punch 
Typewriter 
Printer (optional) 



PASS 



10000 (columns 74-78). Figures 3 and 4 illustrate 
these cards. Pass output is listed by the HSP, if 
available. A packed list of special symbols, a list 
of multiple symbols, a list of undefined symbols, 
and the symbolic names which are not referenced 
in the program, are printed. If no high-speed 
printer is available on-line, the above lists will be 
typed on the typewriter. 



Controller selector plug assignments can be altered 
if necessary to meet the requirements of individual 
installations. 



When operating a minimum card system. Pass Omust 
be processed first, as follows: 

1. Place the symbolic program foUowedby one blank 
card behind the binary Pass deck. 



J. 



Blank Card 



Symbolic 
Source Deck 



Pass 
Binary Deck 



Deck 1) 



Pass 
Deck Set-up 



2. Load card deck into card reader. 



Pass Messages 

At the conclusion of (or during) Pass 0, messages on 
the typewriter or HSP indicate operating conditions. 
Some of these messages require immediate inter- 
vention in the form of console switch settings or re- 
reading of input cards. These messages for Pass 
are described in Table 3. 



Card Read Error Recovery 

If, during the loading of the input source deck, a card 
read error occurs, Pass types the message CARD 
READ ERROR, which indicates that the last card in 
the output may have been mis-read or that a punch is 
present in column 7 or 11. If the card has a punch in 
column 7 or 11, correct the card. Also examine the 
card for off-center punching or physical damage. 



3. Set console switches as desired. 



Recovery from a card read error is simple. For the 
400 cpm card reader: 



Switch settii 


igs 




Switch 


Setting 


Result 


4 
2 
2 


down 

up 

down 


no magnetic tapes 
on-line printer 
no printer on line 



All other switches normal. 



a. Depress the MANUAL button on the GE-225 
control console. 

b. Remove the card deck from the input stacker; 
remove the card from the read platform and 
place it in front of the deck; load the card 
previously read incorrectly into the read 
platform; replace deck in the input stacker. 

c. Press the A to 1 button on console. 



4. Start Pass 0. 



Place the computer in AUTOMATIC and de- 
press START button. 



The output from Pass will be a card deck con- 
sisting of packed symbolic program cards with 
sequence numbers starting with 20000 (columns 
74-78) followed by a table of special symbolic 
operands (STl) with sequence numbers starting at 



For the 1000 cpm card reader, follow essentially the 
same procedures, except for step b. Step b for the 
1000 cpm card reader requires returning the last card 
in the output stacker to the front of the deck in the 
input hopper and then performing steps c and d. 
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MESSAGES 


MEANING 


NO END CARD 


Indicates that the symbolic deck does not terminate with an END 
card. Assembly will continue to the normal end of job. After 
assembling, the transfer card may be punched manually and added 
at the end of the object deck. 


END OF PASS 


Signifies the end of the Pass run. 


SYMBOL TABLE 
OVERFLOW 1 


Lidicates that the number of special symbolic operands exceeds 
250. Program goes into loop which may be overridden by setting 
switch 19. This causes Pass to continue, but the special 
symbolic operands encountered after the error halt are not 
entered in Symbol Table 1 . This may result in the improper 
assignment of a memory address to these symbols in the following 
phases. 


SYMBOL TABLE 
OVERFLOW 2 


Indicates that the total number of symbols exceeds capacity 
of symbol table. The program goes into a loop which may be 
overridden by setting switch 19. Pass then continues, but 
the symbols following the error halt are not entered in Symbol 
Table 2, and are not analyzed as undefined, multiple, or no 
reterence. 



Table 3. Pass Messages 



Other Stops or Loops 



with the rearranged output from Pass 0, fol- 
lowed by one blank card: 



Place computer in manual mode. Check the ready 
status of all input/output devices. If any are in a not- 
ready status, take the necessary actions to ready these. 
Place computer in automatic and start. 

If the card feed light in on, check the card deck for 
damaged cards. Replace such cards as necessary and 
reload Pass from the beginning. 



PASS 1 



flacked 20000 
Deck 



Blank Card 



H 



Pass 1 
Binary Deck 



STl 1000 
Symbol Tabl 



Pass 1 Deck Set-up 



Vk> f a.i3i3 V , 



JTiuuess jraajs i. 



1. The output from Pass is input to Pass 1, but 
it must be rearranged. The cards that have 
sequence numbers beginning with IXXXX 
(columns 74 through 78) should be placed in 
front of cards starUng with 2XXXX (columns 
74 through 78). Set up the cards starting 



3. The output from Pass 1 is a sorted table of 
symbols (ST2) and equivalent locations which 
is punched into cards and, if the printer is 
on-line, listed on the high-speed printer as 
they are punched. In addition, a list of all 



I irl i H "^ //' //' "-i 



IV- 25 



multiple-defined symbols, together with all of 
the equivalent values associated with each 
symbol, is printed (or typed, if no printer is 
available). 

Errors or possible errors detected in the 
operand field of a BSS, EQU, or ORG instruc- 
tion are printed or typed with the present 
setting of the memory allocation register, the 
card type, and the error code. The error 
codes are: 

U - an undefined symbol 

A - a possible error in an address 

Figure 6 contains an ST2 card. 

Pass 1 Messages 

Table 4 shows messages that can occur during Pass 1. 

PASS 2 

Pass 2 Processing Follows Pass 1: 

1. The input for Pass 2A or Pass 2Ris the out- 
put from Pass 1 and Pass 0. Set up the input 



deck as follows: the output from Pass and 1 
followed by one blank card: 




^1 10000 

Symbol Table ] 



'ST2 

Symbol Table 2 



Pass 2 Binary 
Deck 



Pass 2 Deck Set-up 



(. 



t 
Absolute "\ 
or Relocatable/ 



Process Pass 2. 

The output from Pass 2 is a punched card deck 
(if no printer is on-line), or a punched card 



MESSAGES 


MEANING 


NO END CARD 


Indicates the symbolic deck does not terminate with an END card. 
Assembly continues to the normal end of job. 


END OF PASS 1 


Signifies the end of the Pass 1 run. 


SYMBOL TABLE 
OVERFLOW 


Messages (and action to be taken) are the same as for the Pass 
run. 


CARD READ 
ERROR 


Card improperly read. Place GE-225 in MANUAL, backspace as 
described in Pass 0, press A to I, set in Automatic, and start. 


ERROR IN DECK 
SETUP 


Output cards from Pass are not arranged properly. Check 
arrangement, correct, and reload Pass 1. 



Note: 

Action required for other stops or loops is the same as for Pass 0. 



Table 4. Pass 1 Messages 



/f^[^,9)'^g 



bl' L 



/Z, 



C^^' 
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deck and a printer listing (if a high-speed 
printer is available). The listing (or cards 
if no printer is on line) contains the octal 
memory location assigned to the instruction in 
octal, the symbolic instruction, and the codes 

tion. These codes are: 



Figure 7 illustrates the output from Pass 2 as listed 
by the HSP. 

Pass 2 Messages 



sages 



O - illegal operation 

U - undefined symbol 

A - possible error in the address 

M - a multiple -defined s'^mbol in either 

symbol or address fields 
S - errors in specified scale factors in 

DEC, DDC, or FDC operations 
T - possible error in index 

These output cards represent the assembled 
program deck. If the program deck is in 
octal (as shown in Figure 19), it can be 
listed off-line to obtain a program listing and 
loaded for execution with an octal loader; or 
it can be converted to a binary deck which 
can be loaded with a binary loader. If a 
printer is on-line, the output deck will be a 
binary deck. 



Operating Instructions 
Minimum Card Configuration 

Pliie K^nnnafirr Xano anrl Printar 



The following operating instructions are for loading 
General Assembly Program II from cards for the 
folUowing configuration: 

Card Reader 

Card Punch 

2 Magnetic Tape Handlers (minimum) 

Typewriter 

Printer (optional) 

2 additional Magnetic Tape Handlers (optional) 



Error Indication 



II 



•■yyr- ' *n t f"' 






I I 



II 



I I II III I 
II I I I 



llll|lll|ll|IIIMIill||ll|HII|l|lllll 

■ irraminaH 



i->-Mi 



St^ 



miitmim 



uuu 



ORG 1000 



II 



uuuu 



iieiitiieigiii9|99i|iiiiiiiiiii9itio|||i 

I 3 3 4 S I T I I tut ml H II IIP tt IIS2inZ314I9I«nita3i»]lSJ34 3S-]inai 

n 1 1 1 11 n n n i|t 1 11 1 1 n 1 1 1 1 n 1 1 1 i|i 1 1 1 

2!n222222222JZJ2!2222222 2222222222122 
333333333333333 33 33 3 3333 33 31 333 3333 131 
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Card 
Columns 



1-4 

5-9 

10-11 

12-18 

19-21 

22-27 

28 

29-31 

32 

41 

42-51 
52-80 



Contents 



Blanks 

Memory location in octal 

Blanks 

Instruction in octal 

Blanks 

Symbolic location name 

Blank 

Symbolic operation code (mnemonic) 

Blank 



Tag 

Blanks 

Comments 



• nil 

nvnnm 

1 1 1 n 

22222 
33331 
44444 

sssss 
Ititi 

77777 
lilli 

99911 

nvmnm 



Figure IV- 19. Octal Card Deck 
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MESSAGES 



ERROR 



NO ERRORS 



MEANING 



Indicates presence of a real or suspected programming error. 



Indicates no real or suspected programming errors were found. 



END OF PASS 2 



SYMBOL LOST 



Signifies the end of Pass 2 run. 



Is typed with the setting of the memory allocation register and 
the symbol in question when a symbol appearing in the symbol 
field cannot be found in the symbol table. This may result from 
a mispunched symbol table from Pass 1, a bad read of the 
Bymbol table by Pass 2, or a bad read of the present instruction 
card. The program will go into a loop. Whenever a symbolic 
name appears in the symbol field. Pass 2 must search the 
symbol table formed by Pass 1 to insure that the assembled 
program is in phase with the memory assignment made in 
Pass 1. Toggle switch 19 to finish assembly or restart 
assembly at Pass 0. 

This message also results from overriding a symbol table 
overflow message in Pass 1. 

Caution: If this message is overridden, the symbol which was 
lost will not be found when it is used in the operand field. This 
may result in a number of imdeflned references which must be 
corrected by the user. 



ERROR IN DECK 
SETUP 



Indicates that the input cards to Pass 2 are not arranged pro- 
perly. Correct the deck and reload Pass 2. 



Note: 

Action required for SYMBOL LOST. 

a. Separate Pass 1 output cards from Pass output cards. 

b. Place Pass output cards behind Pass 1 binary deck. 

c. Reload Pass 1 to obtain a new symbol table. 

For <ill other errors, restart the assembly from Pass 0. 



Table 5. Pass 2 Messages 
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PASS 

1. Set up cards as for cai-d-to-card Pass 0, 

2. Load cards into the card reader, 

3. Set console switches as desired: 
Switch settings 



Switch 


Setting 


Result 


2 


Normal 


Printer on-line. 


2 


Down 


No on-line printer. 


3 


Normal 


1 additional tape 
available for com- 
ments. 


3 


Down 


Only two tapes 
Available for General 
Assembly Program II. 
No comments will 
appear on listing. 


6 


Normal 


2 or 3 tapes available 

as specified by switch 

3. 

1 additional tape 


6 


Down 






available to write 






assembled binary 






program on tape 6. 






3 or 4 tapes available 






as specified by switch 






3. 



16 



Optional 



All other switches normal. 
4, Start Pass 0, 



5. As the symbolic cards are read by Pass 0, 
these will be written in card image records 
(27 words) on tape 3, if tape 3 is available. 

6. The packed symbolic output from Pass Owill 
be written on tape 4. 

7. The table of special symbols (STl) will be 
left in memory for Pass 1. 

8. Messages, see Table 6, 

All messages and recovery procedure will 
be the same as for card-to-card Pass 0. 

9. If switch 3 is up, and the symbolic program 
is on tape 3 in decimal records 27 words 
long, switch 16 may be set down. This will 
cause Pass to read the symbolic program 
from tape 3 instead of from cards. If a read 
error occurs while reading from tape 3, the 
message, READ ERROR TAPE 3 RESTART 
PASS 0, will be typed and the program will 
halt. This means either tape 3 must be 
corrected before trying again, or that as- 
sembly must be restarted from the original 
symbolic cards. 

lO. Whenever Pass detects a write error while 
writing tape 3 or tape 4, the assembly will 
rewrite the record until a successful write 
is performed. 

A count of the number of rewrites necessary 
during Pass is typed and printed, if the 
printer is on-line. If these error counts are 
not zero, it does not necessarily mean that 



MESSAGE 


MEANING 


XXX ERRORS 
TAPE 3 


If Tape 3 is used for comments, this typeout signifies the number 
of bad spots on Tape 3. 


XXX ERRORS 
TAPE 4 


Signifies the number of bad spots on Tape 4. 


READ ERROR 
TAPE 3 RESTART 
PASS 


Read error occurred while reading from Tape 3. Correct Tape 3 
or restart assembly with Pass 0. 



Table 6. Pass Magnetic Tape Messages 



a 
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the assembly should be restarted. It is 
merely an indication of the number of times 
Pass was required to rewrite the tapes, 
in order to get a good tape. 



PASS 1 
1. 



The input to Pass 1 is in memory and on 
tape 4. 

Place two blank cards behind the Pass 1 
binary deck. 

Load cards. 

The output from Pass 1 is the sorted table 
of symbols and equivalent values. This is 
written on tape 5 and printed, if the printer 
is on-line. 

The remaining outputs are the same as for 
card-to-card Pass 1. 

Messages and recovery procedures are the 
same as card-to-card Pass 1. 



PASS 2 (ABSOLUTE OR RELOCATABLE) 

1. The input to Pass 2 is the output from Pass 
on tape 4 and on tape 3 (if present), and 
the output from Pass 1 on tape 5. 

2. Place two blank cards behind the Pass 2 
binary deck. 

3. Load cards. 

4. The output from Pass 2 is the same as the 
output from card-to-card Pass 2. In addition, 
the program listing is written on tape 5, 
which may be used to obtain multiple listings. 
If tape 6 is available, the binary program 
will be written on tape 6 as it is being 
punched. 

5. Messages and recovery are the same as in 
card-to-card Pass 2. 

6. ERROR TAPE 5 indicates that tape 5 was 
read incorrectly. Reload Pass 2. If the 
error message is repeated, restart assembly 
from Pass with s^vitch 16 down. 

7. For all other errors, restart assembly from 
Pass with switch 16 down. 



Alternate Assembly Configurations 



A user may wish to specify the input/ output devices 
in a mixed fashion. For example, symbolic input 
from punched cards, the use of magnetic tapes as 
intermediate storage, and output on the printer and 
punched paper tape. This can be attained by pro- 
perly altering the console switch settings between 
passes. The minimum configuration required is: 



Card Reader 

Two Magnetic Tape Handlers 

Typewriter 

Printer 

Paper Tape Punch 



PASS 

Switch settings 
Switch 



2 
3 

4 



Setting Result 

Normal Printer on-line 

Down No magnetic tape 3 

Normal Tapes 4 and 5 used 

in assembly. 



1. Load Pass from cards. 

2. The output from Pass will be written on 
tape 4. The special symbol table will be 
left in memory for Pass 1. 



PASS 1 

1. No change in switches. 

2. Load Pass 1 from cards. 

3. The output from Pass 1 will be written on 
tape 5. 

PASS 2 

1. Set switch 12 down. 

2. Load Pass 2 from cards. 

3. The output from Pass 2 will be a printed 
listing and paper tape program. 



7)^/- 
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Operating Instructions for Magnetic Tape 



MAGNETIC TAPE 

The assembly program can be operated from a 
systems tape by installations having magnetic tape 
capability. The tape assembly program requires 
less assembly time than the card assembly program 
because less card reading and card punching is 



iieceaSary. 



me Bysiems lape lormai is ucscriueu 



in the following section. The basic difference in 
operating instructions is that General Assembly 
Program II is to be loaded from magnetic tape 1. 

1. Set console switches as desired. 



5. At the end of Pass 0, Pass 1 will automatically 
be loaded into memory, and will go into execution 
phase. 

6. The output from Pass 1 will be as specified by 
the Pass 1 switch settings previously described. 

1, At the end of Pass 1, Pass 2 will automatically 
be loaded into memory, and will go into execution 

X-"** — • 

8. The output from Pass 2 will be as specified by 
the switches. 

9. At the end of Pass 2, the systems tape will 
rewind and the computer will halt. 



Place symbolic input program behind the assembly 
program call card: 



Blank Card 



Symbolic 
Sourc e Deck 



3. 
4. 



GAP Binary 
Call Card 



Load cards. 



Pass Tape GAP 
Deck Set-up 



The output from Pass will be as specified by 
the switches. 



10. if a tape or check sum error is detected during 
the actual loading of the assembly, the computer 
will halt at location 448. Restart the assembly 
from the beginning. If the error halt occurs 
again, use the General Assembly Program II 
master deck to rewrite the systems tape and try 
again. 

Failure to load after a rewrite may be due to 
torn webbing in the master deck, card reader 
errors, or tape read errors. 

1 X. owitcii £}Ct.tiiig£3 may Lm «ilcCjL <^iu vaUI iii^ i.iiC u.o - 

sembly, as indicated in the previous examples. 
Each pass reads the control switches once at the 
beginning of each run. After each pass begins 
reading the input, the switches can be altered as 
desired without affecting the execution of the 
current phase. Duplicate listings of the program 
can be obtained by printing tape 5. 












IV- 31 



SYSTEMS TAPE 



17. RCDWTB 

Run Pass 2R + 1 blank 



The General Assembly Program II master deck to 
produce the systems tape is made up of the com- 
ponents listed below, including service routines for 
the system such as memory dumps, tape dumps, etc. 
The user may add service routines to the assembly 
program master deck as desired. It is possible for 
the user to insert subroutines in the master deck and 
up to 10 subroutines can be added to the symbolic 
deck at assembly time by use of the SBR pseudo- 
operation. The master deck is formed as follo-ws: 

1. Tape writer 

2. Define controller and handler 

3. PCLLDR 

Utility programs + 1 blank (additional 
routines may be inserted) 

4. WEFPCLLDR 

Rewind tape 3 and load test program 
+ 1 blank 



18. LDR 



5, 
6. 



10. 
11. 

12. 

13. 

14. 

15. 

16. 



RCDWTB 

Run ID+EOT +1 blank 



LDR 



Test for ID and end of tape + 1 blank 



7. RCDWTB 

Run Pass 0+1 blank 

8. LDR 



Pass 0+1 blank 

WEFRCDWTD 

Subroutines + 1 blank (user option) 

]]]]]] BSSO 

WEFRCDWTB 

Run Pass 1+1 blank 

LDR 



Pass 1 + 1 blank 

RCDWTB 

Run Pass 2A + 1 blank 

LDR 

Pass 2A + 1 blank 

RCDWTB 

Run Tape 3ID + 1 blank 



19. 



20. 



Pass 2R + 1 blank 

RCDWTB 

Run RELOAD ID TEST + 1 blank 



LDR 



Reload ID + 1 blank 



LDR 



Test tape 3 for ID record + 1 blank 



21. WEFRWD + 2 blanks 

The master deck will produce a tape in the foUowii^ 
format: 

1. Tape loader 

2. Memory dump program 

3. Tape loader 

4. Tape dump program 

5. End-of-file 

6. Tape loader 

7. Rewind tape 3 for General Assembly Program II 

8. Identification record 

9. Tape loader 

10. Test for program identification and end-of-tape 
record 

11. Identification record 

12. Tape loader 

13. Pass 

14. End-of-file 

(Users Subroutine Library inserted here.) 

15. End-of-file 

16. Identification record 

17. Tape loader 

18. Pass 1 

19. Identification record 

20. Tape loader 

21. Pass 2A - Absolute 

22. Identification record 

23. Tape loader 

24. Reposition tape 3 

25. Identification record 

26. Tape loader 

27. Pass 2R - Relocatable 

28. Identification record 

29. Tape loader 

30. Reload test program, blocks 9 and 10 

31. End-of-file 



Addition of Service Routines 



The user may add service routines to the master deck 
by removing any card loaders from his service 
routine deck. The deck consisting of the binary pro- 
gram cards and the program transfer card is inserted 
in the master deck between blocks 3 and 4 in the 
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master deck format. Use the altered deck to write a 
new systems tape. During generation of the system 
tape, a call card is punched for each service routine 
in the master deck. 



Addition of Symbolic Subroutines 

It is also possible for symbolic subroutines to be 
placed onto the systems tape by modifying the assembly 
program master deck. The subroutines placed on 
the tape are normally the ones most frequently used. 
A typical arrangement might be: 



Name 


Description 


CHOOSE 


Least Key Finder 


CRDIN 


Card Read Routine 


IDBNPR 


Internal BCD-to-Binary 


NPRIBD 


Internal Binaxy-to-BCD 


TPl/0 


Tape Input and Output 


SORT 


Internal Memory Sort 


PRINT 1 


Typewriter Print Routine 


DMPV 


rtnijblp Prpfisinn Multiply 


TRACE 


Trace Routine 



Although more subroutines can be stored on the tape, 
no more than ten can be called for during one 
assembly. 

The advantages of having the subroutines on tape are: 

1, Reduces card reading time. 

2, Reduces card handling by operators and 
programmers. 

3, Routines are easily changed and maintained. 



The subroutines on the systems tape are called for 
as needed by the programmer using the SBR pseudo- 
instruction. 

perform the following steps: 

1. Obtain a deck of the symbolic program cards 
for the desired subroutine. 

2. Punch two symbolic cards to be placed at the 
front of the deck. 



Card 1 columns 1-6 Subroutine name 

8-10 BSS 
12 

Card 2 columns 8-10 REM 

3. Punch one symbolic card to be placed at the end 
of the deck. 

Columns 8-10 END 
12 

4, Run this modifjpd deck through Pass with 
switch 4 down to obtain a deck of punched cards. 
This deck will look as follows: 

Card 1 



Card 2 



Card 3 



Card N-1 



CardN 



Card N+1 



Card N+2 



Card N-t-M 



columns 1-6 

7-9 

10 

74-78 


Subroutine name 

BSS 



20000 


columns 7-9 

74-78 


REM 
20010 



Packed Symbolic Subroutine 
columns 74-78 20020 



J L 



columns 7-9 
10 

columns 1-3 
9-12 

74-78 



END 


ST 1 

number of special 

symbols 
10000 



Special symbol table 

(These will not appear if there are 

no special, symbols.) 



5. Insert cards N+1 and N + 2 through N + M (if 
any) between cards 1 and 2. 

6. Insert this deck in block 9 in the assembly pro- 
gram master deck. If two or more subroutines 
are in the library, they must be in ascending 
order according to the binary value of columns 
1 through 6, card 1, which contains the symbolic 
name of the subroutine. 

7. Use the altered deck to write a new systems 
tape. 

Any modifications to the General Assembly Program 
II must be inserted in the appropriate program 
(Blocks 8, 11, 13, 17) in the master deck. 

Where a subroutine contains a symbol in the name 
field of its first instruction, it is a simple matter to 
adopt this symbol as the SBR call name. Most of the 
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programming routines have tiiis symbol - FLIP, 
STRIP, etc. Where a subroutine does not contain a 
symbol in the name field of the first instruction, the 
user could insert the symbol he has chosen for his 
SBR call in this field. This insures that the general 
assembly program will link the SBR name with a 
symbol in the subroutine. 

When a subroutine which is not on tape is called for, 
a print-out occurs in Pass 0. This print-out gives 
the subroutine call symbol followed by SBR OP. 
For example: 



consecutively. However, if any one of the pseudo- 
instructions SBR, MAL, or PAL appears in any 
assembly, it will not be possible to call the source 
program from tape 3 for assembly. Each program on 
tape 3 should be preceded by an identification card 
containing an asterisk in column 1, Columns 2 through 
80 may contain any BCD information desired. There 
must be an end-of-file after each symbolic program 
on tape 3. In addition, an end-of-tape record must 
be written on tape 3 after the last program to be 
assembled. 



CRDIN SBR OP 



The format of the end of tape card is as follows: 



Multiple Assemblies 

When using the system tape to assemble a program 
and absolute output is desired, the general assembly 
program assembles one program. 

When using the system tape to assemble and re- 
locatable output is desired, it is possible to write 
several programs on tape 3 and to assemble these 



Columns 



4 through 6 

7 

8 and 9 

10 



Contents 

Asterisk 

END 

Blank 

OF 

Blank 



11 through 14 TAPE 



^ 
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MODIFICATIONS TO 

GENERAL ASSEMBLY PROGRAM II 



Symbol Table Length 



and 



Modifications 



General Assembly Program 11 requires a minimum 
of 4096 words of core storage. Each program is 
packed at the beginning of memory, AH of the avail- 

for working storage. If a larger memory is available, 
the following corrections to Pass and Pass 1 serve 
to increase the available working storage. This 
allows the assembly program to form a larger symbol 
table, but has no effect on the internal functions. 



Program 

Pass 
Pass 1 



Octal 
Location 

00054 
05043 



Correction for 
8192 words 

0017776 
0017777 



These alterations specify to Pass and Pass 1 that 
the constant in the specified locations is the address 
of the last memory location that may be used. This 
may be set to any desired constant beyond the pro- 
grams at the user's convenience. For example, if 
the user desires to reserve the last 256, „ locations 
>ji •A.iL Kjx^i4 iiiciijuijf, aie»e coiitcuuiis sauma oe 
GUI 7400. The size of the symbol table which may be 
held by each pass is as follows: 

Symbol Table 1 

1. Built in pass only. 

2. Consists of DL, I/O, FLP, and document handler 
symbols. 

3. Maximum size is 250. 

4. Printed out at end of pass 0. 

5. Error message "Symbol Table Overflow 1" when 
table exceeds 250. 

Symbol Table 2 

1. Built in Pass and Pass 1. 

2. Consists of all symbols used in a program. 

3. Maximum size is indicated on assembly listing 
in decimal form immediately following the words 
"GAP 0" and ''GAP \". 

4. This table size will vary if the number of in- 
structions contained in Pass or Pass 1 is 
changed. The general assembly program itself 



determines the number of symbols each Pass 
will hold. The table size is printed out at the 
beginning of each assembly. 

5. Printed out only at end of Pass 1. 

6. Error messages: 

Pass - "Symbol Table Overflow 2' when table 



size exceeds the number indicated on the listing 

«.». iJc;g±iitixIi^ »jx mc xrtxoa. 

Pass 1 - "Symbol Table Overflow" when table 
size exceeds the number indicated on the listing 
at beginning of the Pass. This number will not 
be the same in both Pass and Pass 1. 



Plug Assignment Modification to 
Pass O, Pass 1, Pass 2 



Without modification, the tape controller is on Plug 1 
and the printer controller is on Plug 6. 

Modification of plug assignments is accomplished by 
inserting binary correction cards just ahead of the 
branch card of each deck. 

The octal format of the controller number assign- 
ment word is: UOOUOOP 







Octal 


Octal 






Location of 


Location of 


Program 




Printer Plug # 


Tape Plug # 


Pass 




00055 


00056 


Pass 1 




05044 


05045 


Pass 2A, 








Absolute 




06747 


06750 


Pass 2R, 








Relocatable 


07132 


07133 


Caution: All 


tape plug numbers 


or all printer 



numbers for all four programs should be changed at 
one time. 

An example illustrating the ease with which changes 
in plug assignments may be made follows: Change 
the tape controller from Plug 1 to Plug 2. 

A. Make up octal correction cards. 

Card Columns 
5-9 12-18 



For Pass 
Card 1 

For Pass 1 
Card 2 



00056 



05045 



0000002 
0000002 



h 
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For Pass 2A 
Card 3 

For Pass 2R 
Card 4 



06750 



07133 



0000002 



0000002 



B. Use Utility Routine CD225C3.002, Octal to Binary 
Card Converter, with checksum and origin to 
convert the octal correction cards to binary 
correction cards. 

C. Insert the respective binary correction cards 
just before the transfer cards of Passes 0, 1, 
2A, and 2R. 



Vacuum Pocket Retrofit Modification 



Normally, General Assembly Program II assumes 
that magnetic tapes available have vacuum pockets. 
If the tapes do not have vacuum pockets, the following 
locations in each program should be altered by 
inserting binary correction cards just ahead of the 
transfer card. 



Modifications to assembly program card decks are 
easily made by punching the octal correction cards, 
converting them to binary, and inserting the binary 
card before the respective transfer cards of each 
assembly program deck. 

System Tape Controller 
Plug Modification 



To change the tape controller number for the system 
tape, it is necessary to change the system tape 
definition card (block 2, General Assembly Program 
II Systems Tape). 



Punch a card as follows: 

Columns Contents 



1-3 

9 

15 



CON 

Controller Number 

1 





Octal 


Octal 


Program 


Location 


Instruction 


Pass 


06127 


0000125 


Pass 1 


05673 


0001211 


Pass 2A, 






Absolute 


07700 


0002647 


Pass 2R, 






Relocatable 


10062 


0002660 



Tape loaders will be altered and written as required 
on the master tape. In addition, new call cards for 
the programs in block 3 and in block 4 will be punched 
for the specified tape. The call card punched for 
block 4 (File 2 Program 1) is the required assembly 
program call card for this tape. This individual pass 
must be modified by inserting binary correction 
cards just ahead of the branch card. 
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October 1963 



RELOCATABLE OBJECT PROGRAMS 

General Assembly Program 11 can provide the user 
with relocatable object programs. The binary cards 
produced are in a format acceptable to the Multi- 



vAuxax 



Lj0a»aer (M^^ML n;, oD22oB1.006R. 
For additional information, refer to the MCML II 



To conform to the requirements of MCML, a TCD 
card causes a type 5 card containing the appropriate 
address to be "unched and an END card f^^\x°^° "^ 
type 3 card containing the transfer address to be 
punched. 

Figure 20 shows the format for relocatable instruc- 
tion cards. 

Calculation of Checksum 



Figure 20 (page 38) illustrates the relocatable in- 
struction card format. The checksum is punched in 



bit positions 7 through 9 of column 3 and bit positions 
through 9 of column 4. The checksum is the sum 
of all words in the load string with the exception of 
the checksum itself.* Because there is the possibility 
of overflow there must be a test for overflow after 
each addition and a One must be added to the Sum 
whenever overflow does occur. The 20-bit calculated 
checksum must be punched in the 13 bits allowed for 
it in the relocatable card format. For this reason, 
bits through 6 of the calculated checksum must be 
added to bits 7 throu°'h 19 of the checksum. There is 

+Uy-v -«rt^<~.iU41i4-.. ^* «, *1^-.. 4.U^ 1*. ^.e 4-1,4^ 

I.11C ^Kjooiijxi.i.^,y ui. v-tvcinuw eta UlC 1 COUIL UX LliLa 

addition and, in the case of overflow, a one must be 
added to the 13-bit checksum. The following coding 
illustrates how the checksum may be calculated for 
information punched on a card in the relocatable 
format. This example assumes that the overflow 
flip-flop has been cleared, index word zero contains 
the word count (WDCT) and index register one con- 
tains the word currently being added to the checksum. 





LDX 


WDCT 









LDX 


ZERO 


1 , 






LDA 


START 


•l7;„ot *-.,." „."-.--J<7 




ADD 


START ^ 1 


, 


" '■"' """ 


ADD 


ADD 


START + 2 


1 






BfbV 










ADO 






Check A Register 




INX 


-1 







INX 


1 


1 


Compute 20-bit Checksum 




BXH 


1 









BRU 


ADD 


y 


Save 13 bits of 




STO 


CKSM 


a 


> Checksum 




SRA 


13 




\ Position bits 




EXT 


MSK 


"^ 


' through 6 of Checksum 




ADD 


CKSM 








SLA 


6 




S Test for Overflow 




SRA 


6 




f 




BOV 




J 






AD0 










STO 


START + 1 






MSK 


0CT 


3777600 






CKSM 


DEC 









ZERO 
WDCT 


DEC 
DEC 








Word computed bv assemb 



* A load string consists of one or more sequential instructions to be 
contiguously loaded into memory immediately preceded by two words 
which contain the origin, the checksum, and other information (see 
Figure 20). 
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Explanation of Figure 20^ 



Field 



START ADDRESS 



5-9 
0-9 



7-9 

0-9 



Description 



Type indicator: a 03 indicates a standard 
relocatable instruction card; a 05 indicates 
a mark transfer point; all indicates a 
loader card. 



Checksam override indicator. 

- card checksummed during loading. 

1 - checksum ignored. 

Usually the card will contain a checksum. 



Location of the first instruction relative 
to the program origin. 



Not used 



Number of program words on the card. 



Checksum. 



Relocation key or control word for the 
next sequence of one to nine program 

words. 

This key contains a relocation indicator 
for each of the following program words 
(P). The K field consists of nine two- 
bi*- fields each of which contains a code 
which applies only to the operand portion 
of the program word. This code is: 



Code 

(Binary) 

00 

01 



Operand Address 

is 
Absolute 

Positive address 
relarive to the re- 
location constant 
Negative address 
relative to relocation 
constant 



Control Word 

Bits 0123456789 

^.^ V^ V^ V^S^ 

not 1st 2nd "* 

used I 



ProErram Word 



Program words to be stored in consecutive 

memory locations relative to the location 
given in field. 



'i£3 

- 9th 



Figure IV-20, Relocatable Instruction Card Format 
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PAPER TAPE ASSEMBLY 

General Assembly Program n accepts paper tape as 
an input medium. The output can be in paper tape 
form, if desired. 

The paper tape input is punched from the regular 

o <^ fH ^ v-v^ VnI TT v> v.f>r-p^«f^ 1-h^ rtf\^ir^fv cl^lr^^^^ tnerir^rv 4'i'\f\ e^^t^ *^rir^ ^t/A 

Friden* Flexowriter SPD character set. Character 
sets are shown in Figure 21. The first character 
punched must be a Carriage Return (CR) followed by 
the 80 columns from the sheet. Each source line of 
coding punched from the coding sheet must be sepa- 
rated by a CR. However, paper tape codes prepared 
by off-line devices may vary widely and the user 
may wish to modify the paper code used by General 
Assembly Program 11. This is easily accomplished 
by changing the conversion tables as describedbelow. 

Paper Tape Input-Output 
Conversion Tables 

Pass reads and converts punched paper tape codes 
to internal GE-225 BCD from a conversion table. 
This table can be modified by correction cards to 
conform to the user's requirements. This table 
occupies octal locations 5146 to 5251: 

5146 Paper tape code for lower case 

5147 Paper tape code for upper case 

CIKO T-)^,^^,v, t-^..^. ^.,..1,. r -,-„,■-..,.. — *..,-.. 

0131 Paper tape code lor tab 
5152 Tape codes for character set 



character corresponding to an upper case paper tape 
2 in bit positions 14 through 19. 



As Pass and Pass 1 prepare input tapes for suc- 
ceeding passes, no coiiveiHioii is required. These 
intermediate tapes are punched in codes correspond- 
ing to internal GE-225 BCD. 



The output from Pass 2 m.ay be listed on off-line 

VAC V XI_CD WilXt_.it J, d^UXX C a. f^LlCLI. CL\^l.C± V^<^i.l V 1^ J. h7J.^/ll. X iixki 

is accomplished by another conversion table. A 
typical table memory word appears below. 



Table Memory Word 



1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 


olo ololo 


ililo ololo Ol 1 1 1 1 ! 







6 1 6 1 



i 



tape 
character 

code 



I 



tape 
character 

code 



iidica.tcw5 

upper 



iiitllCixttb 

lower 



5251 



Each entry in the table of characters carries two 
BCD configurations: one corresponding to an upper 
case paper tape code, and one to a lower case. For 
example, the second entry in the table contains the 
BCD character corresponding to a lower case paper 
tape 2 in bit positions 8 through 13 and the BCD 



Table Memory Word 



1 


234 56789 1011 12 13 14 15 16 1718 19 


|o|o 


olololololo OlOlOl Ol 1 I OlOll ll Ol 1 





2 14 



i 



.y Vs. 



Lower 
Case 



i 



Upper 
Case 



* Trademark of Friden, Inc. 



In Pass 2A (absolute) this table occupies locations 
6213 through 6254. Location 6213 is the lower case 
code, and 6214 the upper case code. Each word in 
the table carries the paper tape codes for two internal 
BCD characters, the first code in bit positions 2 
through 10, the second in 11 through 19. In each 
9-bit configuration, the first octal digit is a if the 
corresponding paper tape code is in upper case and 
a 1 if it is in lower case. The next two octal digits 
contain the paper tape code itself. 

Note that, in the character set shown in Figure 21, 
several of the Flexowriter codes are meaningless 
(with the two exceptions given below) to the 225 and 
are interpreted as spaces (Memory Octal 60). Also, 
any other of the Flexowriter codes that are not 
listed are meaningless and interpreted as spaces. 
The two exceptions are LOWER CASE and UPPER 
CASE. These are not meaningless, as they are 
necessary in the interpretation of two identicallv- 
punched codes that may be punched from the same 
Flexowriter Key, such as 3 and #. 






5 □ 






IV- 39 



Tape 
Character 


Lower Case 


Upper Case 


Paper Tape Code 1 
Channel Numbers 1 


8 


7 


6 


5 


4 £ 


; 3 


J. 




Memory 
Code 
(Octal) 



1 
2 
3 
4 


X 
X 
X 
X 
X 








• 


• 




• 






00 
01 
02 

03 
04 


5 
6 
7 
8 
9 


X 
X 
X 

X 
X 












• 
• 


• 
• 
• 


• 




05 
06 
07 
10 
11 


A 
B 

C 
D 
E 


X 
X 
X 
X 
X 


X 
X 
X 
X 
X 




t 








• 






21 
22 
23 
24 
25 


F 
G 
H 

I 
J 


X 
X 
X 

X 
X 


X 

X 
X 
X 
X 




t 






• 
• 


• 
• 




t 


26 
27 
30 
31 
41 


K 

L 
M 
N 
O 


X 
X 
X 

X 
X 


X 
X 
X 
X 
X 




t 








• 
• 






42 
43 

44 
45 
46 


P 
Q 
R 
S 
T 


X 
X 
X 
X 
X 


X 
X 
X 
X 

X 










• 
• 


• 






47 
50 
51 

62 
63 


U 

W 
X 
Y 


X 
X 
X 
X 
X 


X 
X 
X 
X 
X 










« 


• 
• 
• 
• 






64 
65 
66 
67 
70 


Z 

SPACE 

# 


X 
X 


X 
X 
X 
X 
X 










• 


• 






71 
60 
14 
13 
53 


* 

( 
) 
/ 


X 


X 
X 
X 
X 






• 
t 




• 
• 


• 






16 
54 
75 
76 
61 


n 

% 


X 
X 


X 
X 
X 




• 
• 
• 


• 




• 




• 
t 




60 
40 
60 
74 
60 


+ 

f 


X 
X 


X 
X 
X 




• 
• 
• 


• 
• 
• 




• 




• 


• 


20 
60 
33 
60 


LOWER CASE 
UPPER CASE 
CARRIAGE 
RETURN X 


X 




• 
• 

• 


• 
• 




• 
• 


• 


• 




60 
60 



Figure IV- 21. Paper Tape Character Set 8 Channel Friden Flexowriter Model SPD 
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r"^ r" j^^ ^ni ^-^ fc I v § 



CENTRAL PROCESSOR OPERATIONS 



GENERAL 



Operations that occur within the central processor and 
do not involve either direct input-output or controller 
selector connectedperipheral devices are classified as 
central processor operations. These operations are 
further divided into five basic categories: 

1. Arithmetic 

2. Data Transfer 

3. Shift 

4. Internal Test-and-Branch 

5. Adaress Modiiication 

and presented in essentially the same format. Intro- 
ducing each instruction, in GAP format, is the mne- 
monic operation code, the operand field (if required), 
and the address modification code, if the instruction can 
be automatically modified, thusly: 



ADD 



X 



Mnemonic Memory Address 
Code Location Modification 



The Y symbol is used to indicate that, for this instruc- 
tion, the operand field refers to a memory location; Y 
can be a symbolic or actual address. For instructions 
requiring an operand other than an address, the symbol 
K is specified in the heading. Khas different meanings, 
depending upon the instruction, and is explained in the 

"— — *'- -X' "*"** ^^ "**- Aixi^i » Av^v*M.i XllUI,! U^LAWliO. X lie ^ OVill — 

bol indicates that the instruction can be automatically 
modified. On the same heading line, the machine 



language form of the instruction is given in octal, fol- 
lowed by the required execution time of the instruction 
(including instruction read-out time): 



ADD 



0100000 



Word Times: 2 



( ^ r 

Octal Execution 

Instruction Time 



Following the heading is the Functional Description of 
the instruction, which details the effect of executing 
the instruction, and one or more examples of instruc- 
tion usage. Included in each example are the actual 
GAP coding for the instruction and the contents of 
the affected registers before and after execution. 
Normally, control register contents are not shown; 
it can be assumed that, unless otherwise stated, the I 
register will contain the instruction being executed and 
the P counter has been stepped to the next sequential 
address. In other words, only the effect of the instruc- 
tion is detailed. 



Also, most examples are illustrated using data ex- 
pressed in octal and using symbolic locations in order 
to provide familiarity with these forms. Octal is the 

fnrm in wl^i'^h rnnc*- nAp T-»v»-ir»+_rMitc3 o>»p w^t^Ac,- o^TrM- 

bolic locations are more convenient for the program- 
mer to use than are the actual numeric locations. 






V-l 



ARtTHMETIC INSTRUCTIONS 



ADD 



0100000 



Word Times: 2 



Functional Description: ADD. The contents of memory 
location Y (S,l-19) are algebraically added to the con- 
tents of the A register (S,l-19). The result is placed 
in the A register (S, 1-19). Yisunchanged. Overflow, 
discussed at the end of this section, is possible. 



Example 1: Addapositivenumber 42189, q (01223158), 
located at GAP symbolic location AMT#2, to the posi- 
tive number 52630^q (0146626g), which has previously 
been loaded into the A register. 

GAP Coding: 



Symboi 


Opr 


Operand 


X 


,1.3 . • ,: . 


8 9 10 


I2!l3.14jl9jl6|17 


t e 


t a 


20 




ADD 


A.M T ,# 2 





Register Contents in Octal 
A Q 



Before execution: | 0146626 
After execution: 



0271143 



Example 2: Addanegative number 42189^0 (3655463g), 
located at GAP symbolic location AMT#3+1, to the 
positive number 52630j^q (01466268). which is already 
in the A register. 



SUB 



0200000 



Word Times: 3 



Functional Description: SUBTRACT. The contents of 
location Y (S, 1-19) are algebraically subtracted from 
the contents of the A register (S, 1-19). The result is 
placed in A (S,l-19). Y is unchanged. Overflow is 
possible. 

GAP Coding: 



Symbol 



Opr 



Operand 



12! 13: 14lla| 18,17 



S U,B| A.M, T, #. 2 



Example 1: Subtract the positive number 42189iq 
(01223153), located at GAP symbolic location AMT#2, 
from the positive number 52630^0 (01466268), which 
has been previously loaded into the A register. 

Register Contents in Octal 



Before execution: 
After execution: 



0146626 



][ 



Q 



0024311 



Example 2: Subtract the positive number 65421 j^q 
(01776158), located at GAP symbolic location AMT#3 
from the smaller positive number 52630, q (0146626g), 
which has been previously loaded into the A register. 



GAP Coding: 



Symbol 


Opr 


Operand 


X 


I 1 2 1 S i 4 ! I « 


8.0,10 


12! I3l 14J»9! 1B;17I te i 10 


2 c 




SUB 


A ,M T # 3 





GAP Coding: 



Symbol 


Opr 


Oparand 


X 


, i . 3 . ■ = 8 


8 S 13 


la!l3 i4iia|16,17jtB,10 


20 




ADD 


A M T # 3 + 1 





Before execution: 
After execution: 



Register Contents in Octal 

A Q 

i 0146626 ~| I ? 



0024311 



][ 



Comments: Note the use of relative addressing in the 
operand field of Example 2. AMT#3+1 is one memory 
location beyond AMT#3. 



Before execution: 
After execution: 



Register Contents in Octal 

A Q 

0146626 ] 



3747010 



Comments: Note that, when a larger number is sub- 
tracted from a smaller number of like sign, the result 
is in complement form. 



DAD 



1100000 



Word Times: 3 



Functional Description: DOUBLE LENGTH ADD. If the 
(modified) address of memory location Y is even, the 
contents of Y (S,l-19) and Y+1 (1-19) are algebraically 
added to the contents of register A (S,l-19) and 
Q (1-19). However, if the (modified) address Y is odd, 



,rF:]rp cn)6j][^ 



V-2 



the contents of Y (S, 1-19) and Y (1-19) are algebrai- 
cally added to the contents of A (S, 1-19) and Q (1-19). 
The result is placed in A (S, 1-19) and Q (1-19). The 
sign of the Q register is set to agree with that of the A 
register. Y and Y+1 are unchanged. Overflow is pos- 
sible. 



GAP Coding: 



Symbol 



Opr 



DAD 



Operand 



iTTTiTTrTTTTTeTTr 



I " I " 



A M, T # 9 



Exannple 1' Add the nnsitivp nnmViPi- fi91 RQR. _ 

(0000001 11046778). located at GAP symbolic locations 
AMT#7 and AMT#7+1, to the positive number 526300^0 
(0000001 00037348), '"'hich has been previously loaded 
into the A and Q registers. AMT#? is an even-num- 
bered memory location. 



A Q 

Before execution: I ^ttjtir I I 9774044 | 

After execution: I 3777775 1 j 3141724 1 



GAP Coding: 



Symbol 


Opr 


Operand 


X 


1 [ 2 ! 3 ] 4 ] 5 [ 6 


B 1 » 1 10 


,.|,3| 


1 4 I 1 5 j t 6 1 1 7 


IS 


19 


20 




D,A,D 


A^M, 


T #.7, 


, 


, 





Before execution: 
After execution: 



Register Contents in Octal 
A Q 



0000001 



0000002 



r 



0003734 



1110633 



Example 2: .A.dd the "ositive number 821,695^" 
(0000001 U046778;, located at GAP symbolic loca- 
tions AMT#7 and AMT#7+1, to the negative number 
-526300jQ (3777776 37740448), ^^ich haj5 been pre- 
viously loaded intothe AandQ registers. AMT#7 is an 
even-numbered memory location. 

GAP Coding: 



PROGRAMMER 1 


Symbol 


Opr 


Operand 


X 


t 1 2 1 3 1 4 1 5 1 e 


8 1 B 1 10 


12 1 13 '< 1 " 1 1« 1 1' 


18 


" 


20 




D, AD 


A.M, T, #,7 





Register Contents in Octal 



Q 



Before execution: | 3777776 { \ 3774044 | 
0000000 I I 1100743 



After execution: 



Example 3: Add the negative number -734288io 
(3777776 31456608), located at GAP symbolic loca- 
tions AMT#9 and AMT#9+1, to the negative number 
-526300^Q (3777776 37740448), which has been pre- 
viously loaded into the A and Q registers. AMT#9 is 
an even-numbered memory location. 



Example 4: Addthepositive number 155,926,921,828^0 
(1104677 00011443), located at GAP symbolic loca- 
tions AMT#7+1 and AMT#7+2, to the positive number 
52630010 (0000001 00037348), which has been pre- 
viously loaded into the A andQ registers. If AMT#7+1 
is an odd memory location, the contents of AMT#7+1 
are added to the contents of both A and Q, and the con- 
tents of AMT#7+2 are ignored. 

GAP Coding: 



Symbol 


Opr 




Operand 




A 


, t P ; 3 i . , 5 i r. 


a . 3 , ■, □ 

1 1 


12,13 

1 


"\"\ "i' 


7 i 1 fi 
1 


1 9 


120 




D,A D 


A,M 


T,# ,7 ,+ 


r^ 








Register Contents in Octal 
Q 



Before execution: 
After execution: 



0000001 



0003734 



n 



104700 



1110633 



DSU 



X 



1200000 



Word Times: 5 



Functional Description: DOUBLE LENGTH SUB- 
TRACT. If the (modified) address of memory location 
Y is even, the contents of Y (S, 1-19) and Y+1 (1-19) 
are algebraically subtracted from the contents of reg- 
isters A (S, 1-19) and Q (1-19). However, if the 
(modified) address Y is odd, the contents of Y (S, 1-19) 
and Y (1-19) are algebraically subtracted from the 
contents of A (S, 1-19) and Q (1-19). The result is 
placed in A (S, 1-19) andQ (1-19). The sign of Q is set 
to agree with the sign of A. Y and Y+1 are unchanged. 
Overflow is possible. 

Example 1: Subtract the positive number 526300jq 
(0000001 00037348), located in GAP symbolic locations 
AMT#6 (even) and AMT#6+1, from the positive number 
82169510 (0000001 11046778) which has beenpreviously 
loaded into the A and Q registers. 
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GAP Coding: 








Symbol 


Opr 


Operand 


X 

2D 


■", 1 . 1 3 m ' ! • 


B ( B ; 10 


12il3;i<jll>jl6|17|l'i'-^ 




D,S ,U 


A ,M T # ,6 


ul 



Register v^Oiiieui-a m \j\^t. 

Q 



Before execution: 



After execution: 



0000001 



1 f 1104677 ~} 



1100743 \ 



Example 2: Subtract the positive 155,929.921,828io 
(1104677 00 01l44o), located in GAP symbolic locations 
AMT#6+1 (odd) andAMT#6+2, from the positive number 
155,927,218,624,0 (1104677 11047008), which has been 
previously loaded into the A and Q registers. 



GAP Coding:' 






, 


Symbol 


Opr 


Operand 

izl 13! »-«! is! 'M 'M ** ! '' 


X 


1 1 2 1 S 1 ■• 1 » 1 ' 


' 1 1 

D,S,U 


A M T #,6 +.1 , 













Register C ontents in Octal 
A ^ 



Before execution: 

After execution: 



1104677 



1104700 



0000000 



0000001 



D 



ADO 



2504032 



Word Times: 3 



Function al Description: ADD ONE. Plus one is added 
Hiiblailally to the contents of the A register (bit 
position 19). If the capacity of A is exceeded, overflow 
occurs. 

Example 1: Add one to the positive number 52630^0 
(01466268), which has been previously loaded into the 
A register. 



GAP Coding: 



Symbol 


Opr 


Operand 


X 

20 


1 1 2 1 3 1 ■* 1 5 i 6 


8 19 110 


1 2 


1 3 


_Llilli-ili_i 


" < " 




ADO 




— 



Register Contents in Octal 

A a. 



Before execution- \ 0146626 j 
After execution: 



0146627 



i: 



Frample ^: Add one to tJie negatj.ve number -42189|o 
]3F55463gjT which has been previously loaded into the 
A register. 



GAP Coding: 



Symbol 



Opr 



iA,D,0 



Operand 



^Regi ster Conte nts injOctal 

A Q_ 



Before execution; 
After execution: 



3655463 | | "~7~~~] 



3655464 



iZT 



"n 



SBO 



2504112 Word Times: 3 | 



Functional Description: - SUBTRACT ONE. Plus-one is 
algebraically subtracted from the .-oritentsof the A reg- 
ister (bit position 19). If the capacity of the A register 
is exceeded, overflow occurs. 

Example 1: Subtract one from the positive number 
65421 ^Q (017761i)8), which has been previo-asly loaded 
into the A regisi.er. 

GAP Coding: 



Symbol 



Opr 



J « I « 11 



S B ,0 



Oparand 



12 1 13 I I4l l« I l« I 17 i l« I 



Registe r Contents in Octal 



O 



Before execution; | 0177615 | F 



] 



After execution: I 0177614 j \ ? j 

Example, 2: Subtract one from the negative number 
-65421^0 (3600163g), which hasbeenprevioiisly l-adrc^ 
into the A register 



GAP Coding: 



Symbol 



Opr 



8 1 9 1 1 



S ,B O 



Operand 



14 I 15 I 10 i 1' 1 '» 1 '» 



Register Contents in Octal 
A ^Q 



Before execution: 
After execution; 



3600163 



3600162 



(m^mH) 
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MPY 



1500000 Word Times: 9 to 23 



DVD 



1600000 



Functional Description: MULTIPLY. The contents of 
memory location Y ^8,1-19) are algebraically multi- 
plied by the contents of the Q register (S, 1-19). The 
product is placed in registers A (S, 1-19) and Q (1-19), 
The sign of Q is the same as the sign of A after mui- 
tiplication. If the contents of A are not set to zero 
before MPY, the contents of A are added algebraically 
to the least signiflcanthalf of theproduct, thus permit- 
ting evaluation of expressions of the form AB+C, 
Overflow is possible. 

Example 1: Multiply the positive number 52630jq 
(01466268) 1" "^AP symbolic location AMT#1 by the 
positive number 42189]^q (0122315g) in the Q register. 
The A register contains zeros. 



Word Times: 26 to 20 



Functional Description: DIVIDE. The contents of reg- 
i'sterFTTs, 1 -19) andQ (1-19) are algebraically divided 
by the contents of location Y(S, 1-19). The quotient is 
placed in A (S. 1-19); the remainder is placed in 
Q (1-19). The sign of the remainder (Q) is the sign of 

the niintiPnt (As H'nr' nynnoy riiTris!ir\r< tVio nKc/^1.i4'o 

magnitude of the divisor (Y) must be greater than 
the magnitude of the contents of A, otherwise over- 
flow occurs. 



Example 1: Divide the positive number 524220jq 

(1777674o) in the Q rea;ister by the positive number 
52630-^0 (OI466263) in GAP symbolic location AMT#1. 
The A register contains zeros. 



GAP Coding: 








Symbol 


Opr 


Operand 


X 


1 1 2 ! J ! » 1 . 1 • 


a 1 fi 1 1 


tzjl3jl4|l6jt6jl7j!ejl0 


20 




M, P, Y 


A , M. T # , 1 . , 













GAP Coding: 










Symbol 


Opr 


Oparmd 


X 


. 1 2 1 3 ! 4 ! «| C 


= j . |10 


I2| I3| I4|t8j lflll7j' 


1. 1.. 


ao 




D ,V ,D 


AM,T,#,1, . , 













Before execution: 
After execution: 



Register Contents in Octal 



A 



0000000 



0010213 



J[ 



Q 



0122315 



0134436 



Before execution: 
After execution: 



Register Contents in Octal 
A Q 



0000000 



0000011 



1777674 



0142566 



Example 2: Multiply the positive number 52630,o Decimal Arithmetic 

(0146626g) in GAP symbolic location AMT#1 by the 

positive number 418,254io (14607168) in the Q register. 

The A register contains the positive number 37955io 

(01121038), 



GAP Coding: 



In business applications, data to be processed is 
often recorded externally in the BCD format. To 
process such data in a binary computer requires 
conversion of data from BCD to binary, computation 
in binary mode, and subsequent reconversion to 
BCD format for external use. 



Symbol 


Opr 


Operand 


X 


< 1 J i > 1 " ! » 1 ' 


B 1 9 j 10 


12 I IS 1 14 j IS 1 to 1 17 j !S i IB 


20 


1 1 . L 


MPY 


A M, T,# 1 ^ , ^ 













The decimal arithmetic optional feature* provides the 
GE-225 with the capability of performing addition and 
subtraction of BCD data directly in the decimal mode, 
thereby eliminating the need for converting and recon- 
verting data. 



Before execution: 
After execution: 



Register Contents in Octal 
A Q 



0112103 



0122001 



~1 
J 



1460716 



1754367 



A GE-225 with the decimal arithmetic feature normally 
operates in the binary mode. Operation is shifted to the 
decimal mode only by executing a SET DECMODE in- 
SiruciiOn, anu can be returned to the binary mode by 
executing a SET BINMODE instruction or depressing 



» Part of the optional group which includes additional 
modiiication word groups and the three-way compare 
instruction. 
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the Power On switch on the control console. The initial 
power on sequence automatically sets the GE -225 in the 
binary mode. 

Rather than providing entirely new instructions and 
mnemonics, the decimal arithmetic feature modifies 
the execution of the foUowine existing binary arithmetic 
instructions: 



Single Add 


ADD 


Single Subtract 


SUB 


Add One 


ADO 


Subtract One 


SBO 


Double Add 


DAD 


Double Subtract 


DSU 



All other GE-225 instructions are unaffected and con- 
tinue to be executed as they are in the normal binary 
mode. Indexing is performed in binary regardless of 
the mode set. 

In decimal mode operations, affected GE-225 words 
are considered to consist of three decimal digits as 
shown: 



Thus, the decimal quantity +979989 would appear in 

memory as two words of three digits each: 



Memorv T ocation Y 



S 1 



10 



13 



16 



19 



1 


10 1 


00 


111 


1 l] 


+ 


9 






r 



End of Field 
Flag 



Memory Location Y+1 












10 1 





10 10 1 




S 1 



10 



13 



16 



00000010 000100 010 



19 




The programmer should flag each BCD number prior 
to arithmetic operations by coding which sets a 1-bit 
into bit position 1 of the most significant word of each 
quantity. Sample coding to accomplish this is shown 
under Program Insertion of End-of-Field Flag. 



Bit positions 4 through 7, 10 through 13, and 16 through 
19 are used to express decimal digits in standard BCD 
format. Decimal quantities greater than 999 are ex- 
pressed by using two or more 20-bit words. 



Besides defining the length of the decimal number, the 
end-of-field flag affects the disposition of carries 
generated during arithmetic operations. A carry out 
of the most significant digit position of a word is re- 
membered if the word does not contain an end-of-field 
flag. The carry is remembered either until the next 
decimal instruction is executed or the Clear Alarm is 
depressed. 



The sign of the decimal number is in the S position of 
the word containing the most significant decimal digit; 
a 0-bit designates a positive decimal number, while a 
1-bit indicates a negative quantity. 



Zone bits of each BCD character (2 and 3, 8 and 9, and 
14 and 15) contain 0-bits and do not enter into arith- 
metic operations. 



The decimal word containing the most significant (high- 
order) digit must be marked or flagged to define the 
end of the decimal field by placing a 1-bit in bit posi- 
tion 1. 



If the end-of-field marker is set (a 1 -bit in position 1), 
then a carry out of the most significant digit position 
causes overflow, which turns on the overflow indicator 
and reverses the sign of the most significant word of 
the decimal number. 

The end-of-field flag is not essential for both quantities 
involved in a decimal operation; only the high-order 
word of the quantity loaded into the A register must 
be so marked. If the field in memory is flagged and 
the field in the A register is not, an error condition 
occurs. If both fields are flagged, the effect is the 
same as if only the A register we re flagged. A flag in 
the A register field automatically generates an end-of- 
field flag for the result field. 

Negative decimal numbers must be expressed in the 
lO's complement form before decimal operations. The 
10' s complement is formed automatically by subtract- 
ing the decimal number from a decimal zero (delimited 






iTu^ 
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by an end-of-field flag in bit position 1) while in the 
decimal mode. Negative results of decimal operations 
also appear in the lO's complement form. Thus, the 
decimal number -222222 would be converted to 
-777,778 (1,000,000 - 222,222) before being used in 
arithmetic operations. 



DECIMAL ARITHMETIC INSTRUCTIONS 



SUB 



0200000 



Word Times: 3 



Functional Description: DECIMAL SUBTRACT. The 
contents of Y (bits S, 4-7, 10-13, and 16-19) are alge- 
braically subtracted from the contents of the A reg- 
ister (bits S, 4-7, 10-13, and 16-19). The result is 
placed in the A register (bits S, 4-7, 10-13, and 16- 
19). 



j ADD 



X 



0100000 



Word Times: 2 



Functional Description: DECIMAL ADD. The contents 
of Y (3 BCD digits, S, 4-7, 10-13, and 16-19) are alge- 
braically added to the contents of the A register (bits 
S, 4-7, 10-13, and 16-19). The result is placed in the 
A register (bits S, 4-7, 10-13, and 16-19). 

Example 1 : Decimal add the quantity +333 in sym- 
bolic location INCR to +444 which has been previously 
loaded i-iito the A register. Assume tuat uhe centra^ 
processor is operating in the decimal mode, by a 
prior SET DECMODE instruction. 

GAP Coding: 



Symbol 


Opr 


operand 


Fl 


1 ! !- ! s ' 4 B : 


9 1 C 1 1 


t 2 ' i 3 ■■ \ A \ %ti I \ t : i ! \ 


1 8 ; IS 20 




A, D,D I N C R , , 




; 1 



Memory and A Register Contents In BCD 
A INCH 

Before execution: 

After execution: 



+ 4 44 +333 
+ 777 +333 



Example 2: Decimal add the quantity -333 in symbolic 
location NEGN to +444 which has been previously loaded 
into the A register. Assume that the central processor 
is operating in the decimal mode. 



GAP Coding: 








Symbol 


Opr 


Operand 


X 


. [ a 1 3 i . i .1 • 


S 1 D I 10 


12llSll4ils|lell7llBilB 


20 




A, D,D 


N, EG, N. 













Memory and A Register Contents in BCD 



Before execution: 



After execution: 





J 


\ 








NEGN 


+ 


4 


4 


4 




- 


6 


6 7 












+ 


1 


1 


1 




1 

- \ 6 
.J 


M-l 



jjxampie i: jjecimaisuDtract the quantity +03J in sym- 
bolic location DECR from +444 which has been pre? 
viously loaded into the A register. Assume that the 
central processor is operating in the decimal mode. 



GAP Coding: 








Symbol 


Opr 


Operand 


X 


I 1 2 1 a 1 4 1 5 1 


S 1 9 j 10 


tz]»3|l«|l8|lB|l7ilBJl» 


20 




S,U,B 


DECR , , 













Memory and A Register Contents in BCD 



A DECR 

UI4I4IJ irTTTTTTl 
■ I - 1 - 1 - 1 i I - 1 - 1 " i 



+ 


1 


1 


1 



+ 3 3 la 



■Rpforp (^xpoiitinn- 

After execution: 



Example 2: Decimal subtract the quantity -333 in 
symbolic location NEGN from +444 which has been pre- 
viously loaded into the A register. Assume that the 
central processor is operating in the decimal mode. 



GAP Coding: 










Symbol 


Opr 


Oper«nd 


X 


, ! 2 1 . T 'T » ! • 


s I « 1 to 


12 1 IS j 14 I IS { le 1 17 


lep. 


20 





SUB 


N.E.G.N, . , , 













Memory and A Register Contents in BCD 



Before execution: 

After execution; 





A 








NK 


pN 




+ 


4 


4 


4 




- 


6 


6 


7 








+ 


7 


7 


7 




- 


6 


6 


7 
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DAD 



X 



1100000 



Word Times: 3 



Functional Description: DOUBLE DECIMAL ADD. If 
Y is even, the contents of Y (S,4-7, 10-13, and 16-19) 
and Y+1 (4-7, 10-13, and 16-19) are algebraically 
added to the contents of registers A (S, 4-7, 10-13, and 
16-19) and Q (4-7, 10-13, and 16-19). If Y is odd, the 
contents of Y (S, 4-7, 10-13, and 16-19) and Y (4-7, 
10-13, and 16-19) are added to registers A (S, 4-7, 
10-13, and 16-19) and Q (4-7, 10-13, and 16-19). The 
result is placed in registers A and Q. 

Example 1: Double decimal add the quantity +123456 in 
symbolic locations POSN and POSN+1 to the quantity 
+543210 which has been previously loaded into the A 
and Q registers. Assume that POSN is an even mem- 
ory address and that the central processor is operating 
in the decimal mode. 



GAP Coding; 



Symbol 


opr 


Operand 


X 


. i ^ 1 ' 1 * i »: • 


a 1 j 10 


12J 13| l<('»j l«j" 


"\" 


20 




DA. D 


POSN , 











_ 



Memory and A and Q 
Register Contents in BCD 



Before execution: 





A 










Q 




+ 


5 


4 


3 






2 


1 


POSN 




POSN+1 


+ 


1 


2 


3 






4 5 


6 



After execution: 



Q 



+ 


6 


6 


6 






6 


6 


6 


POSN 




POSN+1 


+ 


1 

1 


2 


3 






4 


5 


6 



Example 2: Double decimal add the quantity ^ 123456 in 
symbolic locations PREP and PREP+1 to the quantity 
+543210 which has been previously loaded into the A 
andQ registers. Assume that PREP is an odd memory 
address and that the central processor is operating 
in the decimal mode. 



OAP Coding: 










Symbol 


Opr 


Operand 


X 


, 1 2 1 5 1 < ] »! • 


•I'M" 


IJ 1 i» 1 w| u 1 IB 1 1' 1 


'•!'• 


20 




DA, D 


PREP 










_^^ 



Before execution: 



Memory and A and Q 
Register Contents in BCD 

Q 



+ 543 



PREP 



2 3 



J L 



After execution: 



+ 666 



PREP 



+ 12 3 





2 


' 





PREP+1 




4 


5 


6 


Q 




' 


3 3 


PREP+1 




4 5 


6 



DSU 



1200000 



Word Times: 5 | 



Functional Description: DOUBLE DECIMAL SUB- 
TRACT. If Y is even, the contents of Y (S, 4-7, 10-13, 
and 16-19) and Y+1 (4-7, 10-13, and 16-19) are alge- 
braically subtracted from the contents of registers A 
(S, 4-7, 10-13, and 16-19) andQ (4-7, 10-13, and 16- 
19). If Y is odd, the contents of Y (S, 4-7, 10-13, and 
16-19) and Y (4-7, 10-13, and 16-19) are subtracted 
from the contents of registers A (S, 4-7, 10-13, and 
16-19) and Q (4-7, 10-13, and 16-19). The result is 
placed in the A andQ registers. 

Example 1: Double decimal subtract the quantity 
+123456 in symbolic locations DECR and DECR+1 from 
the quantity +543210 which has been previously loaded 
into the A and Q registers. Assume that DECR is an 
even memory address and that the central processor 
is operating in the decimal mode. 



GAP Coding: 








Symbol 


Opr 


Operand 


X 


t 1 2 i . 1 4 1 » i • 


8 1 a I 10 


12 1 13 1 1 4 I 1» j IB ] 17 1 I! 1 l> 


20 




D,S ,U 


DECR. 










MB 



Memorv and A and Q 
Regist p^ Contents in BCD 

A Q 



Before execution: 



+ 543 210 



DECR 



DECR+.1 



+ 


1 


2 


3 

1 






4 


5 


6 
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After execution: 





A 






Q 




+, 


4 


1 


.i 




7 


5 


4 



Example: Add a decimal one to the quantity +832 in 
the A register. 



DECR 



T — I — 

iUi 



DECR+1 

1 I — I — r 



111 



Example 2: Double decimal subtract the quantity 
+123456 in symbolic locations NEGR and NEGR+1 from 
the quantity +543210 which has been previously loaded 
into the A and Q registers. Assume that NEGR is an 
odd memory address and that the central processor 
is operating in the decimal mode. 



GAP Coding: 








Symbol 


Opr 


Operand 


X 


1 1 2 1 3 j 4 j S j 6 


s 1 » 1 ,0 


t2|l3|l4Jls|l6JI7Mell9 


20 




D S ,U 


N,E,G,R, , , , 













Memory and A and Q 
Register Contents in BCD 



■Rfafn-rp ovppn + i 



After execution; 



1 ULUI 

1 -t- i J |1 |U 1 


NEGR 


+ 


1 


2 


3 


A 


+ 


4 


2 





NEGR 


+ 


1 


2 


3 



NEGR+1 





4 


5 


6 


Q 







8 


7 


NEGR+1 




4 


5 


6 



ADO 



2504032 



Word Times: 3 



Fvmctlonal Description: ADD ONE DECIMAL. One is 
algebraically added to the contents of the A register 
(4-7, 10-13, and 16-19). If the capacity of A is ex- 
ceeded, the overflow indicator is turned on. This 
instruction operates properly only on decimal words 
of three digits or less. 



GAP Coding; 



Symbol 


Opr 


Operand 


X 




= i M - 


.iI*'.l4«linllflli7lieiio 

■- 1 ■- 1 ■ 1 1 1 1 1 


50 






A, D, O 















RtglatT Contenta in BCD 
A 



Before execution: 



After execution: 



+ 


8 


3 


2 




+ 


8 


8 


3 



SBO 



2504112 



Word Times: 3 



Functional Description: SUBTRACT ONE DECIMAL, 
One is subtracted algebraically from the contents of the 
A register (4-7, 10-13, and 16-19). If the capacity of 
the A register is exceeded, the overflow indicator is 

decimal words of three digits or less. 

Example: Subtract a decimal one from the quantity 
-763 in the A register. Assume that the lO's comple- 
ment of -763 has already been formed. 



GAP Coding: 










Symbol 


Opr 


Operand 


X 


I 1 2 1 3 1 4 1 B 1 8 


e 1 . j 10 


,2], 


3|l4|l5|l6it7|1BJlS 


20 




SB O 
















Register Conttnta in BCD. 
A 



Before execution: 
After execution: 



- I 2| 3 |7 
2_ 2 3 6 



MODE CONTROL INSTRUCTIONS 



SET DECMODE 



2506011 



Word Times: 2 



Functional Description: SET DECIMAL MODE causes 
the arithmetic commands ADD, DAD, SUB.DSU, ADO, 



(^^-t 



V-» 



and SBO to be executed in the decimal mode, 
commands are affected. 



No other Comments: The OCT 1000000 places the flag constant 

in storage; LDA MILL and ORY DECW insert a 1-bit 
into bit position 1 of DECW (the high-order word). 



ot^nftm 



Word Times: 2 



Functional Description: SET BINARY MODE causes 
the arithmetic commands ADD, DAD, SUB.DSU.ADO, 
and SBO to be executed in the binary mode. No other 
commands are affected. 



TEN'S COMPLEMENT FORMATION 

Preparatory to decimal arithmetic operations, nega- 
tive decimal quantities must be converted to lO's com- 
plement form. One method for so doing is: 



RELATED CONSOLE CONTROLS 

1. Power On Switch. Depression of this switch at any 
time sets the central processor into the binary mode 
of operation. 

2. Clear Alarm Switch. Depression of this switch 
removes any carry resulting from uncompleted deci- 
mal operations and prepares the decimal controls for 
a new sequence. 

PROGRAM INSERTION OF END-OF- FIELD FLAGS 

To designate the beginning of a decimal field, a 1-bit 
is inserted into bit position 1 of the high-order word of 
the field. A typical method of accomplishing the bit 
insertion is: 



GAP Coding: 








Symbol 


Opr 


Operand 


X 


, 1 2 1 3 1 4 1 =] 6 


. 1 . 1 10 


I2|t3|l4lt5ile|l7jl8|l9 


20 


M ILL 


OCT 


1.0 00 00 






LDA 


M.I L L, . 






ORY 


D.E CW 













GAP Coding: 








Symbol 


Opr 


Operand 


X 


1 1 2 j 3 j A \ 5 [ 6 


B 1 a 1 1 


12!l3J14JlB|lail7ilBJlB 


20 


M I L L , 


O C, T 


1,0 0,0, 0,0, 






O C, T 


,0 .0 ,0 ,0 ,0 , 






D L, D 


M, I L . L, . 






D S.U 


N,E G D , , , 






D ST 


C O M P , , i 













NEGD and NEGD+1: 



COMP and COMP+1: 
(after execution) 



Memory Contents 
in BCD 



+ 325 



- 


6 


7 


4 


1 


5 


8 


4 



Before 
execution: 



Alter 

execution: 



DECW Contents 
in Binary 







1 



000 



1 







1 




PROGRAMMING DECIMAL OPERATIONS 



The GAP listing below illustrates the fundamentals of 

performing arithmetic operations inthe decimal mode. 
Address location 01750 contains the end of field marker 
to be inserted in the two BCD numbers before addi- 
tion. In theory, both numbers need not contain a flag; 
only the number in the A register must have the 
marker. However, it is a good practice to flag all 
numbers to be used in decimal arithmetic operations. 
Memory locations 01756, 01757 and 01760 contain the 
commands lor flagging the BCD numbers. 



Command 01761 converts the internal operation of 
the computer to BCD prior to the addition and com- 
mand 1765 restores the computer to the binary mode. 



\? 



V-10 



October 1963 





GAP List 


ng 








01750 




ORG 


1000 


01750 


1000000 


MILL 


OCT 


i 000000 


01751 


0000000 




OCT 


0000000 


01752 


0020202 


A1 


ALF 


222 


01753 


0020202 


A2 


ALF 


222 


01754 


0040404 


B1 


ALF 


444 


01 755 


WUHUHUH 


B2 


ALF 


444 


01756 


0001750 


START 


LDA 


MILL 


01757 


2301752 




ORY 


A1 


01 760 


2301754 




ORY 


B1 


01761 


2506011 




SET 


DECMODE 


01762 


1001752 




DLD 


A1 


01763 


1101754 




DAD 


B1 


01 764 


1301604 




DST 


0900 


01765 


2506012 




SET 


BINMODE 



The printout of the memory addresses used in the 
program shows tnat locations 01752 and 01754 con- 
tain flagt: i., ,,1:, ■:. .-ds containing the most significant 
digits. : '04 ront^ins th*^ sum -SA'hich also 

is automar:; .ill- ■., ;:u;>:! 



3. The overflow xndicalor on Uie coiitrol con- 
sole is turned ON. 

The reversal of the sign bit in the A register causes 
the overflow indicator to turn ON, regardless of the 
type of instruction causing overflow. 

Register Capacity. The A register can hold any num- 
ber consisting; of 19 numerical bits (bits 1 through 19) 



resent a maximum positive number of 524,287, q and 
a maximum negative number of -524.2'88jq before 
overflow could occur. These two numbers, with their 
binary equivalents are shown below: 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



111111111 1 1 1 1 1 1 1 1 1 1 



Maximum Positive Number = +524,287 



10 



00240 OOOCOOQ 

00250 OOOOOCG 

00260 070001*0 ^7000.*^ 

01400 070001»0 07000..0 

01610 0700040 0700040 

0I7S0 1000000 0000000 

01760 2301754 2506011 



M6OI4 £ tv60S 



?ciftO 



0000 J QC 00" 'no^oco 



oor. 
070004U 



OOOOOOI rcT*T^ OPfXlOOC ^000000 

"Ov^4,. -J c 4 00040 

D700 -«0 OfOQ^40 0004^ p-00040 

Si Oi060i 3C)eQt>0Q 0,'COO,iO 0700040 

- 0700040 0700040 0700040 



0700040 0700040 0700040 0700040 700040 0/00040 
0020202 COZOZOa , {1040404 Q04040I» i 0001750 2 501752 
1001752 1101754 1 30 1 604 2506012 



'»OI752 
6 

01753 



1^31754 

£- 

01755 



01 2 3456789 10 11 12 13 1415 16171819 



1000000000 '"> 1^ f^ '^ 



Maximum Negative Number = -D24.288 



10 



The addition of any number, except 0, to the largest 
positive number causes an overflow of a 1 -bit into the 
sign bit position, thereby reversing the sign. 



Overflow 



During arithmetic operations, the result of the cal- 
culation can exceed the capacity of the 20-bit A 
register. When this happens, the register overflows 
(loses a bit from the high-order position). This is 
known as an overflow condition. 

The A register can also overflow as a result of double 
length word calculations. For a divide instruction, 
register overflow can occur when the magnitude of the 
divisor is not greater than that portion of the dividend 
in the A register. An overflow condition also is pos- 
sible when an attempt is made to negate (execute a 
NEG instruction) the largest possible negative number. 

When an overflow condition arises, three things happen: 

1. The sign of the result is reversed. 

2. The most significant bit of the result (in bit 
position 1) is lost, and 



As shown, the maximum negative number consists of 
a 1 bit in the sign bit position followed by all zeros. It 
is incorrect to consider this configuration as a 'minus 
ieroy it is -524,288, q. An attempt to negate the 
largest negative number (with the NEG instruction) 
results in overflow: .all the bit positions are reversed, 
giving the I's complement, and when one is added to 
form the 2's complement, a one is carried into the sign 
bit position. It can be seen that, although bit indi- 
cates the sign of the number (0 = plus: 1 = minus), all 
twenty bits are involved in arithmetic operations. 

The specific conditions for overflow are summed up in 
the following paragraphs. Overflow for each kind of 
arithmetic operation is illustrated by examples. 

Addition Overflow. The overflow indication occurs 
during the addition of two positive numbers when there 
is a carry from the most significant bit position (bit 
position 1) to the sign bit position. No overflow indi- 
cation is possible during the addition of numbers with 
unlike signs. The overflow indication occurs during 
the addition of two negative numbers when there is a 
reversal of the sign bit position. 



L±3 L^ ^y 
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Example 1: Add the contents of symbolic location 
AMT#1 (01466268) *° 17776748, which has previously 
been loaded into the A register. 



GAP Coding: 



Symbol 


Opr 


Operand 


X 


1(21 3 ' 1 1 ? ■ 6 


« 1 9 O 


(2'l3.!4it5>l6;I7|le'lq 


2C. 




ADD 


A,M, T #1 , , 













Before execution: 



After execution: 



Register Contents in Octal 



Q 



1777674 



2146522 



Example: Subtract the negative number in symbolic 
location AMT#3 (-65421io or 3600163g) from theposi- 
tive number 524220^0, which has previously been 
loaded into the A register. 

GAP Coding: 



Symbo! 


Opr 


Operand 


X 


» i 2 i 3 i A i 5 1 6 


8 : 9 1 10 


t2}l3;t4p5|l6|17|l8|18 


20 




S ,U B 


A , M T # , 3 , , 













Before execution: 
After execution: 



Register Contents in Octal 
Q 



1777674 



2177511 



Example 2: Add the contents of symbolic location 
AMT#2 (-524288^0 or 20000008) to -1, which haspre- 
viously been loaded into the A register. 



GAP Coding: 



Symbol 


Opr 


Operand 


X 


1 1 2 1 3 1 4 ] 5 1 6 


8 1 9 1 10 


12] 131 l4|lB|le|l7 


18 


" 


20 




A, D,D 


A,M, T, # , 2 , , . 













Register Contents in Octal 
A Q 



Before execution: 
After execution: 



3777777 



1777777 



Comments: Note that, in both examples, the sign bit 
of the A register is reversed. In example 1, initially 
the sign bit position and bit position 1 contain 01; after 
addition, these positions contain 10. In example 2, 
initially the sign bit and bit position 1 contain 11; after 
addition, these positions contain 01. 



Subtraction Overflow. In subtraction, the 2's comple- 
ment of the subtrahend is added to the contents of the 
A register. The rules for overflow which apply to 
addition also apply to subtraction. 



Comments: Note that this subtraction is performed 
by adding the 2's complement of 36001638 (01776158) 
to 17776748- Overflowoccurswhen the sign bit changes 
from to 1. 



Multiplication Overflow. The overflow indication oc- 
curs in multiplication only when there is an attempt to 
multiply the maximum negative number by the maxi- 
mum negative number (-21^ x -2^^). The overflow 
indicator on the control console is automatically turned 
off prior to execution of a multiply instruction. 



Example: Multiply -524,288j^q in symbolic location 
AMT#7 by -524,288i0i which has previously been 
loaded into the Q register. 



GAP Coding: 



Symbol 


Opr 


Operand 


X 


1 j 2 j 3 1 i 1 5 1 6 


B j 9 j 10 


talis 


1 4 1 1 5 1 1 e j 1 7 


.. 


" 


20 




M,P, Y 


A M 


T,# , 7 , 

















Register Contents in Octal 
A Q 



Before execution: 



After execution: 



0000000 



2000000 



2000000 



2000000 
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Division Overflow. For proper division, the magnitude 
of the divisor must be greater than the magnitude of 
that portion of the dividend in register A. If not, the 
overflow indication is turned on and control is trans- 
ferred to the next instruction in sequence. The over- 
flow indicator on the control console is automatically 
turned off prior to the execution of a divide instruction. 
Also, overflow will occur if division results in a 
quotient that exceeds the capacity of the A register. 



Example: Divide thepositive number 17, 338, 832, 329 jq 
(0100457 03l2711g), which has been previously double 
loaded into the A and Q registers, by 20,000. q 
(00470408) in symbolic location WRDS. 



GAP Coding: 










Symbol 


Opr 


Operand 


X 


1 1 2 i 9 j 4 j B i 6 


. 1 . 1 ,0 


I2jl3jl4j»9jl0j»7| 


IB 1 Ifl 


20 




DVD 


WRDS 













Register Contents in Octal 



After execution: 



1 ^ 



0201136 



0625622 



Scaling 



The movement of the decimal point to the right or left 
to properly align numbers is called 'scaling' or 'deci- 
mal positioning.' Before decimal numbers can be 
correctly added orsubtractedin the central processor, 
the number ofplacestothe rightof the decimal point of 
both numbers must be the same. For example, to add 
3.0 to 4.16, 3.0 is arranged to correspond to 3.00 and 
then added to 4.16. If the decimal point is moved to the 
right in preparation for calculations, the number is 
'scaled to the right;' if the decimal point is moved to 
the left, the number is 'scaled to the left.' 



When two numbers are multiplied, the number of places 
to the right of the decimal point in the product is the 
sum of the places to the right of the decimal point in 
both the multiplier and the multiplicand. If it is de- 
sired to scale the product (which is expressed as a 
binary number) for subsequent calculations, the pro- 
duct must be divided by a constant that is the binary 
equivalent of an appropriate power of 10. 



To further illustrate the concept of scaling, consider 
the example of adding the following two decimal num- 
bers: 

24.4 



37.65 Desired sum 

Because the central processor does not recognize 
decimal T-inints in arithmetic operations the binarv 
equivalent of 244jQandl325jo'*'o^l'^^PP6^rinmemory 
as shown in Figure 5-1. 



1 


2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 








00 





1 1 


1 1 


1 


00 





00 


1 


1 


1 1 


1 1 



244j^Q and 1325jq 



Figure 5-1. Two Numbers in Memory before Scaling 



When these two numbers are added, the result would 
appear in the A registeras 1 569-, f, (Figure 5-2). This, 
of course is incorrect, for the desired sum is 37.65 



12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



0000000001 10 10 1 



= 1569^Q 

Figure 5-2. Incorrect Sum after Addition without 
Scaling 

To obtain the correct sum of 37.65^q, it is necessary 
to scale the augend 244j^q to theleftone decimal posi- 
tion by multiplying 244jq by IO^q. Through multipli- 
cation, 244^0 becomes 2440io and thus is scaled to the 
left so that the decimal points in the two numbers are 
properly aligned. After scaling, the two numbers are 
aligned as shown in Figure 5-3. 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 












1 


1 1 


1 


"I 













1 


1 


1 1 


1 1 



= 2440jQ and 1325^q 



Figure 5-3. Numbers in Memory after Scaling 






LfnL 



r:\\ 
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Because the two numbersarenowproperly aligned, the 
correct sum of 37.65]^o ^^ achieved when the numbers 
are added. 



Note that scaling operations can be accomplished in 

one of two ways: (1) by multiplying or dividing by the 
binary equivalent of the appropriate power of 10, or 
(2) by using GE-225 scaling I'outines available to the 
programmer. 



Rounding 



After a calculation has been completed, it is sometimes 
necessary to round the result to the next highest in- 
teger. 'Rounding' is accomplished by adding a '5' 
into the decimal position to the right of the position 
to receive any carry. Since all calculations, within 
the GE-225 are performed primarily with binary num- 
bers, the proper rounding factor of '5' is expressed 
in binary and is carried as an appropriate constant 
within memory. For example, this constant might be 
programmed by using the pseudo-instruction DEC to 
obtain the binary equivalent of 5. The instruction 
would be DEC 5. See Section IV for detailed discussion 
of pseudo-instructions. After the rounding factor is 
added, the positions to the right of the digit v.'hich 
receives any carry can be deleted through scaling. 



DATA TRANSFER INSTRUCTIONS 



Data transfer instructions are grouped into two major 
categories: memory transfers and register transfers. 
Although not involving a true transfer of data, register 
modification instructions are also included in this sec- 
tion. 



Memo 



■ i^-'or s 



ol'/e "/ord movement between 

core memory and central processor registers. In 
general, the previous contents of the 'receiving' unit 
(memory location or register) are replaced by the 
transferred word, while the transferred word remains 
■jr.chanc-c.i in the Gri^i"al ir.eniory location or register. 

Arithmetic register transfers involve the transfer of 
information between registers; the condition of the 
register initially holding the information is unchanged, 
after e;<teution, except as noied in the discussion of 
each instruction. 

Register modification instructions change the contents 
of the specified register in a predetermined manner, 
such as complementing, sign changing, and negating. 

Dat^ trails:;;!- i::sieue::Gas involve either or both the 
A and Q registers. In general, transfer instructions 
cause parallel transfers (all bits simultaneously), 
rather than serial transfers (a bit at a time). 



Data Transfers-Memory 



To illustrate further, assume that the decimal 10.75 
is to be rounded to the nearest tenth. By using a 
rounding factor of .05 stored as a constant in memory, 
the desired result, 10.80, is achieved by adding the 
roundini: factor as shown in Figure 5-4. 



LDA 



0000000 



Word Times: 2 



Functional Des cr iption: LOAD A REGISTER. The con- 
tents of memory locations Y (S, 1-19) replace the con- 
tents of the A register (S, 1-19). Y is unchanged. 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



2. 



3. 








1 


■^ 





_ J 

















; 


i ^ 1 











1 





1 ] 


1 




■ -...— ,-„..i 



where 1 = 10.75jq 
2= -OSio 



3 = IO.8O10 



Figure 5-4. Using a Rounding Factor of .05 



Example 1: Load the A register with the contents of 
GAP symbolic location AMT#1. which contains the 
positive number 52630io (0l46626g). The A register 

initiallv contains zeros. 



GAr- 


(■;. .,;,m3-- 
















Symbol 


Opr 


Operand 


X 


.1 . 


1 3! .1 J » 


8 1 ft 1 to 


1 2 


- 


14 1 15 [ 16 1 1 


|,= 


,. 


20 


— 1 i 1 1 1 1 


L,D , A 


A 


M 


T # 1 


1 

















Bciort execution. 
After execution: 



Register Contents in Octal 



Q 



0000000 



0146626 
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Example 2: Load the A register with the contents of 
GAP symbolic location AMT#5, which contains the 
negative number -42189^q (3655463g). The A register 
initially contains 42189^0 (012231 5g). 

GAP Coding: 



Symbol 


Opr 


Operand 


X 


:! a ! 3 ! ,! =! , 


" 1 • ! '° 


"! " 


1 4 1 18 1 1 6 j 17 


,.1 ,. 


20 




LDA 


A.M 


T, #,5 , 















Register Contenis in Octal 



Q 



Before execution: 
After execution: 



0122315 



3655463 



DLD 



1000000 



Word Times: 3 



Functional Description: DOUBLE LENGTH LOAD. If 
the (modified) address of location Y is even, the con- 
tents of Y (S, 1-19) and Y+1 (S, 1-19) replace the con- 
tents of the A (S, 1-19) andQ (S, 1-19) registers. If 
the (modified) address of Y is odd, the contents of Y 
(S, 1-19) replace the contents of the A (S, 1-19) and Q 
(S, 1-19) registers. Y and Y+1 are unchanged. 



Example 1: Double length load the A and Q registers 
with the positive number 821695io (0000001 11046778) 
in GAP symbolic locations AMT#7 (even) and AMT#7+1. 



GAP Coding: 



Symbol 


Opr 


Operand 


X 


1 1 2 j 3 ; 4 i B 


e 1 « 1 10 


12 ! 13 i 


14l»5| l0il7i I 


Bile 


20 




D L D 


A M 


T # 7 















Before execution: 
After execution; 



Register Contents in Octal 



Q 



0000001 



1104677 



Example 2: Double length load the A and Q registers 
with the positive number 526300^0 (0000001 0003734g) 
in GAP symbolic locations AMT#6 (odd) andAMT#6+l. 

GAP Coding: 



Symbol 


Opr 


Operand 


X 


1 1 2 1 3 j 4 1 B 1 e 


« j a 1 10 


12] 13j I4JI5J I6jl7| IB j 10 


20 




D L D 


A ,M T,# 6 













Register Contents in Octal 



A 



Before execution: 
After execution: 



_S_ 



0000001 



0000001 



Comments: Note that, if the specified operand address 
is odd, the contents of that address are loaded into both 
the A and Q registers and the second address is 
ignored. 



STA 



0300000 



Word Times- ? 



Functional Description: STORE A. The contents of the 
A register (S, 1-19) replace the contents of memory 
location Y (S, 1-19). The contents of A are unchanged. 

Example 1: Store the A register contents 42189io 
(012231 5g) in GAP symbolic location RESULT. 

GAP Coding: 



Symbol 


Opr 


Operand 


X 


1 I 2 i 3 j 4 i . 1 . 


e j » 1 10 


12JI3 I4J|516|17JIB,10 


2 




STA 


RE S U L T 













Register Contents in Octal 
A Q 



Before execution: 
After execution: 



0122315 



0122315 



GAP Symbolic Location, RESULT 



Before execution: 
After execution: 



0122315 



f^ 
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Example 2: Store the A register contents -65421io 
(36001638) in GAP symbolic location OUTPUT. OUT- 
PUT initially contains -42189io {3655463g). 



GAP Coding: 






X 


Symbol 


Opr 


Operand 


1 1 2 j S 1 4 1 « i • 


• 1 • 1 '° 


12 { 1S| I4J15| 10|I7 j IS j IB 


2 




S,T ,A 


O.U.TPUT, 














Register Contents in Octal_ 
A Q _ 



Before execution; 
After execution: 



3600163 



3600163 



? 



GAP Symbolic Location, OUTPUT 
A 



Before execution. 
After execution: 



3655463 



3600163 



DST 



1300000 



Word Times: 3 



GAP Symbolic Locations 

AMT#8 AMT#8+1 



Before execution: 



Affor ovii/^iif i r*f-i ■ 



T 



000000 i 



Ii046'r7 



Example 2: Double length store A and Q rpgister con- 
tents 526300jQ (0000001 00037348) ^" ^AP symbolic 
locations AMT#7 (odd) and AMT#7+1. 

Register Conteni.s in Octal 



Before execution: 
Alter execution: 



Before execution: 



After execution: 



Q 



0000001 



Q003734 



0000001 



0003734 



GtAP Symbolic Locatlona 

AMT#7 AMT#7 +1 



I 



0003734 



Functional Description: DOUBLE LENGTH STORE. If 
the (modified) address of memory location Y is even, 
the contents of the A (S, 1-19) andQ (S, 1-19) registers 
replace the contents of Y (S, 1-19) and Y+1 (S, 1-19). 
If the (modified) address of Y is odd, the contents of 
Q (S, 1-19) replace the contents of Y (S, 1-19), The 
contents of A and Q are unchanged. 



Example 1: Double length store A andQ register con- 
tents 821695jQ (0000001 11046778) *" GAP symbolic 
locations AMT#8 (even) and AMT#8+1. 



GAP Coding: 










Symbol 


opr 


Operand 


X 


I i 2 ! 3 ■ * : 5 ; 6 


8 , B i 10 


Wl 13j WJISJ 10|l?i I 


S 1 1» 

1 


!0 




DST 


A M T,# 8 , 













Register Contents in Octal 
A Q 



Before execution; 
After execution: 



0000001 



1104677 



0000001 



1104677 



STO 



2700000 



Word Times: 3 



Functional Description: STORE OPERAND ADDRESS. 
The contents of the A register (7-19) replace the con- 
tents of memory location Y (7-19). A (S, 1-19) and Y 

(S, 1-6) aic unchanged. 

Example: Store the operand address that is in the A 
register, 65535|q (177778). in GAP symbolic location 
TAX#1, which initially contains 0001667g, an LDA 

instnjction. 



GAP Coding: 



Symbol 


Opr 


Operand 


X 


I 1 2 . 3 i 4 1 5 j 


i 1 » ; 10 


•M "l "1 " i 'M " 1 " i " 


20 




STO 


T A X # 1 













Register Contents in Octal 
A Q 



Before execution: 
After execution: 



0017777 



0017777 



IS 



h 
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GAP Syrnboiic Location, TAX#1 



Before execution; 
After execution: 



0001667 



0017777 



Symbol 


Opr 


Operand 


X 


1 1 2 1 3 1 * \ 9 1 6 


B . e . lu 


» ^ 1 1 a , i • 1 ; 5 ; ■. 5 , 1 7 j ; 6 1 1 i 


io 




R Y 


PRICE 













Functional Description: OR A INTO Y. Corresponding 
bit positions of memory location Y (S, 1-19) are set 
with 1-bits for every bit position of the A register 
(S, 1-19) containing a 1-bit. The contents of the A 
register and other bit positions of Y remain unchanged. 

Example 1: OR A into Y with the A register containing 
16413748 and Y is GAP symbolic location $OUT, con- 
taining 00137118- 
GAP Coding; 



Symbol 


Opr 


operand 


X 


1 1 2 1 3 , 4 1 5 j 6 


8 . 9 ; 10 


I2[ I3| 14|1S| 10, 17 1 IB 1 tB 


20 




O R Y 


$ ,0 U T 












Memory and A Reecister before Execution (binary): 



$OUT 



/ - -^ 








1 


1 1 


1 1 1 


1 


1 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 


1 


1 1 


10 1 


1 1 


1 1 1 


1 



A Reg 



Memory and A Register after Execution (binary): 



$OUT 



r ^ 


1 


1 1 


1 1 


1 1 


1 1 1 


1 1 1 


1 1 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



r 



1 



1 1 on 010 1 



1 1 



1 1 1 



-I 



1 01 



A Reg 

Exr;.,!:ple 2: Place a dollar sign ($), previously loaded 
into the A register, before the 2-digit BCD quantity 
56 in GAP symbolic location PRICE. 



Memory and A 
Register Contents (BCD) 



A Reg 



PRICE 



Before execution; 



After execution: 



3 













5 


1 

6 i 










$ 










$ 


5 


6 



EXT 



2000000 



Word Times: 3 



Functional Description: EXTRACT. For each 1 -bit in 

Y (S, 1-19) a O-bit is placed in the corresponding bit 
position of the A register (S, 1-19). If bit positions in 

Y contain O-bits, the corresponding bit positions in the 
A register are unchanged. Y is not affected. 



Example 1: Extract 1-bits from the A register con- 
tents 2465317g according to the pattern 12347538 con- 
tained in GAP symbolic location MOD. 



GAP Coding: 








Symbol 


Opr 


Opsrand 


X 


1 1 2 I 3 4 i B 8 


8 ft 1 C 


'^ 1 "j "1 " 1 "i " 1 " i " 


20 




EXT 


MOD 






., , 




_ 



Memory and A Register before Execution (binary): 
MOD 



^ 






^ 


10 10 


1 1 


1 


1 1 1 


1 1 


1 1 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



10100110101011001 111 



A Reg 



i j.^ ! b □ "/'/' 7/ L!r\ 
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Memory and A Register after Execution (binary): 

MOD 



1 



10 



1 1 



10 



1 1 1 



1 1 



1 1 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



1 


1 00 


1 


1 








1 



A Reg 

Example 2: Delete the dollar sign ($) from the BCD 
word $89 in the A register preparatory to storing the 
word into memory. Assume GAP symbolic location 
Memory and A Register before Execution (BCD): 
STRIP eoRtains the BCD word $00. 

GAP Coding: 



Symbol 


Opr 


Op«rancl 


X 


1 1 2 1 3 ] 4 j j • 


• 1 » 110 


12 1 IS j 1* 1 1" 1 1« 1 17 1 H 1 1» 


20 




E, X, T 


STRIP, . , 













Memory and A 

Register Contents (BCD) 



Before execution: 
After execution: 



A Reg 




STRIP 


$ 


8 


9 




$ 



















8 


9 




$ 









* MOV 



2400000 



Word Times: 4+2N 



Functional Description : MOVE. A block of infor- 
mation starting at Y is moved to another area of 
memory. The A register must contain the starting 
address of the area to which the data is to be moved, 
and the Q register must contain the 2's complement 
of the number of words to be moved. The contents 
of the P counter are stored automatically in index 
word 00 (bits 5 through 19). The time required to 
execute this command is 4 plus 2N word times, 
where N is the number of words to be moved. After 
execution, the A register is set to O's and the Q 
register contains the 2's complement of the number 
of words moved. This instruct! ^-^ '^annot be auto- 
matically modified. 



* This instruction is an optional feature. 



Example: Move a block of 10 words initially stored in 
an area starting at symbolic location START to the 
memory area starting at symbolic location TOTALS. 
Assume that GAP has assigned the symbolic location 
START to actual address 01772^q and TOTALS to actual 
address 1200io- Assume that the number of words to 
be moved has previously been loaded into the Q reg- 
ister in 2'S complement form. 



Memory ana Register Contents in Octal: 
Before execution: 



Octal 
Address 



Memory 

Contents 



0261 
0262 
0263 
0264 
0265 
0266 
0267 
0270 
0271 
0272 

2260 
2261 
2262 
2263 
2264 
2265 
2266 
2267 
2270 
2271 



0123456 



0246531 



1234567 



0765432 



0135764 



2345670 



1001234 



0132456 



2147765 



1777777 



J 



Registers 



0002260 



120010 



Q 



3777766 = -lOiQ 






II 
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Memory and Register Contents in Octal: 
After execution: 



Memory 

Octal 

Address Contents 




Registers 
A 


0261 


0123456 




0000000 




0262 


0246531 






0263 


1234567 




0264 


0765432 




0265 


0135764 




Q 




0266 


2345670 




3777766 




0267 


1001234 








0270 


0132456 




0271 


2147765 




0272 


1777777 










2260 


0123456 




2261 


0246531 




2262 


1234567 




2263 


0765432 




2264 


0135764 




2265 


2345670 




2266 


1001234 




2267 


0132456 




2270 


2147765 




2271 


1777777 





Example: Load A from Q, or replace the existing con- 
tents 01 A l2345G7g with the contents of Q 36o4321g. , 

GAP Coding: 



Symbol 


Opr 


Operand 


X 


.1,1.1.1.1. 
• 1 - 1 - 1 - 1 - 1 - 


= i 5 j '^ 


!2|!;|1'!|'^|H|>?|!!]!; 


,'.; 




LAQ 















Before execution: 
After execution; 



Register Contents in Octal 
Q 



1234567 



3654321 



3654321 



3654321 



Comments: No operand address is required. Auto- 
matic modification will change the instruction. 



LQA 



2504004 



Word Times: 3 



Functional Description: LOAD Q FROM A. The con- 
tents of the A register (S, 1-19) replace the contents 

Example: Load Q from A, or replace the existing con- 
tents of Q 24653173 with the contents of A 11177768. 



GAP Coding: 








Symbol 


Opr 


Operand 


X 


t I 2 j 3 1 4 j C ] 6 


8 j fl I 10 


t2|f3ll4JtSJl6Jt7| 18 119 


20 




L,Q,A 















Register Contents in Octal 
A Q 



Before execution: 
After execution: 



1117776 



2465317 



1117776 



1117776 



Comments: No operand address is required. Auto- 
matic modification will change the instruction. 



Data Transfers-Arithmetic 



LAQ 



2504001 



Word Times: 3 



Functional Description: LOAD A FROM Q. The con- 
tents of the Q register (S, 1-19) replace the contents 
of the A register (S, 1-19). Q is unchanged. 



MAQ 



2504006 



Word Times: 3 



Functional Description: MOVE A TO Q. The contents 
of the A register (S, 1-19) replace the contents of the Q 
register (S, 1-19). Zeros replace the contents of A 
(S, 1-19). 



/CA 



& 



V-19 



October 1963 



Example: Move A to Q, or replace the existing con- 
tents of the Q register 3777777g with the contents of the 
A register 1333444g and zero the A register. 



GAP Coding: 










Symbol 


Opr 


Operand 


X 


, 1 2 1 3 1 < 1 5 1 » 


8 1 B i 12 


12113! 141151 16|I 


i"!" 


20 




M, A, Q 















Before execution: 
After execution: 



Register Contents in Octal 
Q 



1333444 



3777777 



0000000 



1333444 



Comments: No operand address is required. Auto- 
matic modification will change the instruction. 



* L,AC 



2504202 



Word Times: 3 



Functional Description: LOAD A REGISTER FROM C 
REGISTER. The contents of the A register (1-19) are 
replaced by the contents of the C register (real time 
clock). The sign of the A register is set to zero. The 
contents of the C register are unchanged. 

Example: Load A register from C register. Assume 
that the C register contains the binary equivalent of 
1 hour (52, 140 o sixths of a second). I 

GAP Coding: 



Symbol 


Opr 


Operand 


X 


t [ 2 a j 4 ] 5 j 6 


8 1 9 1 10 


!2]l3|l4iiallejl7lleji9 


20 




LAC 








1 







Register Contents in Octal 



XAQ 



2504005 Word Times: 3 



Functional Description: EXCHANGE A AND Q. The 
contents of registers A (S, 1-19) and Q (S, 1-19) are 
interchanged. 



Example: Exchange A and Q, or interchange the con- 
tents of A 12345678 and Q 17777778- 



GAP Coding: 












Symbol 


Opr 


Operand 


X 


1 1 2 1 3 1 4 1 5 1 6 


e 1 » 1 10 


12 1 13 j 


1< j IB j 16 { 1 


1 " ! " 


20 




X A Q 















Before execution: 



After execution- 



* LCA 



0052140 



0052140 



0052 140 



2504210 



Word Times: 3 



Functional Description: LOAD C REGISTER FROM A 
REGISTER. The contents of the C register are re- 
placed by the contents of the A register (1-19) The 
sign of the A register contents is ignored. The con- 
tents of A are unchanged. 

Example: Load C register from A register. Assume 
that the A register contains the binary equivalent of 12 
hours (259,200^0 sixths of a second). 



Before execution: 



After execution: 



Register Contents in Octal 



Q 



12i>:567 



1777777 



1777777 



K 



1234567 



GAP Coding; 



Symbol 


Opr 


Operand 


X 


, 1 2 1 3 1 . i .| . 


. 1 . |,0 


.= 


'^ 


1 4 1 IS 1 le 1 17 


18 


" 


20 




LCA 

















Comments: No operand address is needed. Automatic 
modification will change the instruction. 



* Thisinstructionispartof the realtime clock optional 
feature. 
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Before execution: 



Register Cunteuts in Octal 
A C 



0772200 



0772200 



0772200 



Initial Register Contents: 



Q 



1205701 



couni6r LiiS-L is incrcitienLcu uy one 6V6ry sixlh Oi s 
second. When the binary count reaches the equivalent 
of 24 hours (518,400 sixths of a second), it automati- 
cally resets to zero and starts counting again. 



The C register contents are not directly accessible 
for processing or console display. However, the LAC 
instruction, by transferring those contents to the A 
register, makes the C register available to the stored 
program or to the console operator. 

A conversion subroutine is required for program 
translation of theC register contents from binary nota- 
tion to hours, minutes, seconds, and sixths,'seconds, 
and for print-out of elapsed or actual time through the 
control console typewriter. 

A simple, straightlinc subroutine is shown below to 
illustrate how conversion could be done. In actual 
practice, a more sophisticated apornach involving X 
registers and controlled looping would be more ef- 
ficient. 

Example: Convert the C register contents 1205701g 
to decimal hours, minutes, seconds, and sixth-seconds. 
Assume symbolic locations CONl through CONS con- 
tain conversion constants as follows: 



Registers Affected by Each Instruction: 





GAP 




Coding 


LAC 




MAQ 




DVD 


CON 1 


STA 


HOURS 


LDZ 




DVD 


CON 2 


STA 


MINS 


LDZ 




nvn 


CON 3 


STA 


SECS 


XAQ 




STA 


SXTHS 



Registers 
A Q 



1205701 


? 


0000000 


1205701 


0000017 


0015041 


0000017 


0015041 
0015041 


0000000 


0000022 


0000321 


0000022 

0000000 
0000042 


0000321 
0000321 
0000005 
0000005 


0000042 
0000005 


0000042 


0000005 


0000042 



Symbolic 




Location 


Contents 


CON 1 


52,1408 


CON 2 


550 8 


CON 3 


6 



Remarks 
Hours Factor 
Minutes Factor 
Seconds Factor 



Memory Contents after Conversion: 



Op. 


OlMItlMl 


X 


tlMAIKS 


. . 1. 








LAC 
MAQ 






TRANSFER TIME TO A REG 
TRANSFER TIME TO Q REG FOR DVD 




DVD 


CONl 




COMPUTE HOURS 


STA 


H O o R S 






LDZ 






CLEAR A REG 


DVD 


C N 2 




COMPUTE MINUTES 


STA 


MINS 






LDZ 








DVD 


C O N 3 




COMPUTE SECONDS 


STA 


SECS 






XAQ 






TiyjreFER SIXTH-SETONDS TO A REG 


STA 


S X T B S 











Symbolic 
Location 

HOURS 

MINS 
SECS 
SXTHS 



Contents 



0000017 



0000022 



0000042 



0000005 



The time represented by the C register contents can 
also be converted manually to a chronological scale 
by dividing those contents by appropriate conversion 
factors. Perhaps the simplest method would be to con- 
vert the binary contents of the C register to octal, then 
decimal, and divide by decimal conversion factors. The 






// "J J 'is?, 
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conversion chart in Figure 2-4 makes the octal-to- 
decirnal conversion easy. Decimal conversion factors 
used for division could be: 

Hours E 21,600 
Minutes <= 360 
Sflconds = 6 

(Any remainder would be in sixth- seconds.) 



Example: Load zero into A register, or replace the 
existing contents ofthe A register 3777777g with zeros. 

GAP Coding: 



Symbol 


Opr 


Operand 


X 


1 1 I 1 3 1 « i B 1 e 


B , e 1 10 


t2JI3|1«j«»|le[1'|1Bil» 


20 




L,D,Z 












j^^ 



For example, assume that the contents of the C register 
are 1205701 g. By keying in an LAC instruction at the 
control console, 12057018 Is displayed in the A register 
indicators. The octal-<b-decimal conversion chart in 
Figure 2-4 provides the decimal equivalent 330,689 
(in sixth-seconds). 

Dividing by the hours conversion factor: 



Before execution: 
After execution: 



Register Contents in Octal 
A Q 



3777777 



0000000 



15 hours 

21600 1330689 
21600 



114689 
108000 



5689 sixth- seconds remainder 

Dividing the remainder by the minutes conversion 
factor: 

18 minutes 



3601 6689 
360 
3089 
2880 



209 sixth-seconds remainder 

Dividing this remainder by the seconds conversion 

factor: 



Comments: No operand address is needed. Automatic 
modification will change the instruction. 



LDO 



2504022 



Word Times: 3 | 



Functional Description: LOAD ONE INTO A REG- 
ISTER. A 1-bit is placed in bit position 19 of the A 
register; all other bit positions {S, 1-18) are set to 
0-bits. 

Example: Load one into A register. Assume that the 
A register initially contains 3777777g. 



34 seconds 



6 1209 
18 



29 

24 



5 sixth-seconds remainder 

Thus, the C register contents 1205701g represent 15 
hours, 18 minutes, 34 seconds, and 5 sixth-seconds, or 
15:18:34:05. 



Register Modifications 



LDZ 



2504002 



Word Times; 3 



GAP Coding: 



Symbol 


Opr 


Operand 


X 


.1 .1 3| .1 .1 . 


. 1 • 1 '." 


l2]l3|l4JlB|le|f7jlejlB 


20 


till 


LDO 















Before execution: 
After execution: 



Register Contents in Octal 
A Q 



3777777 



0000001 



Functional Description: LOAD ZERO INTO A REG- 
ISTER. The contents of the A register (S, 1-19) are 
replaced by zeros. 



Comments: No operand address is needed. Automatic 
modification will change the instruction. 






]Lt3^ 
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LMO 



2504102 



Word Times: 3 



Functional Description: LOAD MINUS ONE INTO A 
REGISTER. The contents of the A register (S, 1-19) 
are replaced bv 1-bits. living the 0''*'ai ''on<'igura*"'or 
37777778. 

Example: Load minus one into A register. Assume 
that the A register initially contains 13576428. 



GAP Coding 








Symbol 


Opr 


Operand 


X 


! [ 2 j 3 ] 4 j B j 8 


B 1 B 1 1 


12 1 13 1 14 1 15 1 16 1 17 1 16 1 IB 


20 


: L 1 . i 


LMO 















Before execution; 
After execution: 



Register Contents in Octal 
^A Q 



1357642 



3777777 



Comments: No operand address is needed. Automatic 
modification will change the instruction. 



CPI 



2504502 






Functional Description: COMPLEMENT A. Each bit 
position in the A register (S, 1-19) is inverted; each 
1-bit is replaced by a 0-bit and each 0-bit is replaced 
by a 1-bit. 

Example: Complement A register. Assume that the 
A register contains 12345678. 



GAP Coding: 








Symbol 


Opr 


Opertnd 


X 


,1 2 1 , i 4| ,| • 


a 1 s 1 10 


12 1 13 1 1< 1 15 1 15 j 17 1 IB j IS 


20 


— 1 — 1 1 < 1 


C P L 

1 1 















A Register Contents 
in Binary 

Before execution: 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



n 1 



X 1 u 



J. J. i. 



1 



After execution: 



1 



1 1 



1 



01 1 



10 



1 







2 5 4 3 2 1 

Octal Equivalent 



VSJLb 



Comments: No operand address is needed. Automatic 
modification will change the instruction. 



Ntu 



2504522 



Word Times: 3 



Functional Description: NEGATE A. The 2's com- 
plement of the contents of the A register (S, 1-19) 
replaces the contents of A (S, 1-19). If the capacity 
of A is exceeded, in an attempt to negate the maximum 
negative number, overflow occurs. 

Example: Negate A register contents OOOOlOlg. 

GAP Codinef: 



Symbol 



I a ; 4 I 



Opr 



8 i S J 



N^E^ G 



Operand 



12 I 13 { 14 15 16 I 17 j 18 I H 



Register Contents in Octal 



Before execution: 



After execution: 



0000101 



Q 



L 



^'7 7 '7??'^'? 



J 



Cuiiimenis: Notn mat, uniiKe cne CJ^L, instruction 
which forms the I's complement, NEC forms the 2's 
complement of the contents of A. No operand address 
is needed. Automatic modification will change the 
instruction. Overflow occurs if an attempt is made 
to negate the largest negative number, -524,288... 



CHS 



2504040 



Word Times: 2 



Functional Description: CHANGE SIGN OF A REG- 
ISTER. The sign bit of the A register is changed. Bit 
positions 1 through 19 of A are unchanged. 

Example: Change sign of A register. Assume that the 
A register contains 13576428. 



GAP Coding! 










Symbol 


Opr 


Operand 


X 


t { 2 1 3 j ^ j B 1 6 


B 1 « i 1C 


t2ll3j'l4Jl5ilBj!7[l 


Bits 


2C 




C .H S 








, 


, 





Before execution; I 1357642 

After execution: 



Register Contents in Octal 
A 



Q 



3357642 
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Q^nmenjtsi No operand address is needed. Automatic 
modification will change the instruction, 



NOP 



2504012 



Word Times; 3 



Functional Description: NO OPERATION. Zero is 
added to the contents of the A register (S, 1-19). 

Example: No operation, or add zero to the contents 
1234567g of the A register. 



GAP Coding: 














Symbol 


Opr 


Operand 


X 

20 


, 1 2 1 s 1 4 1 B 1 e 


s 1 fl 1 1 


- 


13l 14J1R| iBlt? 


" 


,. 




N,0 P 












_ 



Before execution: 
After execution: 



Register Contents in Octal 
Q 



1234567 



1234567 



A shift instruction can require from 2 to 12 word times 
for execution (including instruction access time), 
depending upon the length of shift. A shift of one bit 
position or less requires two word times. Each addi- 
tional 3-bit shift, or fraction thereof, requires an 
additional word time. 

Automatic modification of shift instructions changes 
the instruction. 



Arithmetic Register Shifts 



_ SRA 



K s 31 



2510000 



Word Times: 2 to 12 | 



Functional Description: SHIFT RIGHT A REGISTER. 
The contents of the A register (1-19) are shifted right 
K places. If A is plus, 0-bits are inserted in the vaca- 
ted positions of A; if A is minus, 1-bits are inserted in 
the vacated positions. Bits shifted out of bit position 19 
are lost. The sign of A is not changed. 

Example 1: Shift right 3 bit positions the positive num- 
ber 12345678, previously loaded into the A register. 



Comments: This instruction is useful in programming 

delays or reserving space in a program for later in- 
sertion of an instruction. No operand address is 
needed. Automatic modification will change the in- 
struction. 



GAP Coding: 














Symbol 


Opr 


Operand 


X 


1 I 2 1 3 1 « I » i » 


• i • !'"> 


12 1 13 i 


'M"l"i" 


IB 1 19 


20 




S,R,A 


3 













SHIFT INSTRUCTIONS 



A Register Contents 
in Binary 



Shift instructions involve the serial (bit-by-bit) move- 
ment , ' -'a": •.vithin or between register?. Shifts fall 
into tv,'o categories: arithmetic register shifts and 
input-outiyut register shifts. 

Shifting is useful in arranging data before and after 
transfer between direct input-output peripherals, and 
the central processor, scaling quantities before and 
after arithmetic operations, recovering from overflow 
conditions, and performing simple multiplications and 
divisions. 

Shifting is limited to 31 bitpositions per shift instruc- 
tion because bit position 15 through 19 of the instruc- 
tion word are used to indicate the length of shift. With 
5 bit positions, the largest number that can be ex- 
pressed is 31. 



Before execution: 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



10 10 



1 1 



^ 

1 01 1 1 



1 1 



1 1 1 



+ 1 



After execution: 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



00 0101001 1!1 1 1 1 1 



f^[ 



'g 
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Example 2: Shift right 7 bit positions the negative num- 
ber 3765432g, previously loaded into the A register. 

GAP Coding: 



Symbol 


Opr 


Operand 


X 


1 j 2 ■ 3 4.6 6 


a s 10 












S R A 


7 













A Register Contents 
in Binary 

Before execution: 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



1111111010 1 1 1 1 1 



After execution: 
1 2 3 4 5 fi 7 8 9 10 11 12 13 14 15 16 17 18 19 



1111111111 1 


1 1 


r 
1 


1 


1 


1 



places. Vacated bit positions of A are filled with 
0-bits. If a non-zero bit is shifted out of position 1, 
overflow occurs and the bit is lost. The sign of A is 



ber 1234568, previously loaded into the A register. 
GAP Coding: 



Symbol 


Opr 


Operand 


X 


1 1 2 1 3 * , 5 6 


e e . 10 


1 2 ^ 


1 3 


1 4 j 1 5 , 1 6 » 7 j I e ■ 1 8 


so 




SLA 


2 













A Register Contents 

in Binary 

Before execution: 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



00 0101001 11 1 1 1 1 



1 



2 



After pxer^ution: 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



OlOjlUljOUlIll UjU 1 Ujl 1 liU U Uj 



Example 3: Divide by 8 the positive number 464,104jo 
(16123508), previously loaded into the A register. 



GAP Coding: 



Symbol 


Opr 


Operand 


X 


, ! ^ : 3 ■ . : ,■ . 


9 9 1 ^ 


12' 13 14j1^|1f 17] IH 13 


2 c 




S R A 


3 













Before execution: 
After execution: 



Register Contents in Octal 



Q 



1612350 



0161235 



58013 



10 



SLA 



K 



2512000 



Word Times: 2 to 12 



Functional Description: SHIFT LEFT A REGISTER. 
The contents of the A register (1-19) are shifted left K 



Example 2: Shift left 5 places the negative number 
20363618, previously loaded into the A register. 

GAP Coding: 



Symbol 


Opr 


Operand 


X 


■ 1 ^i .,«:=; • 


S 10 

! 1 


12' 13 14Jls;ieil7|l«ilt) 


20 




SLA 


5 













A Register Contents 

in Binary 

Before execution: 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



10 ]0 0001111 0|0 1 1 1 1 1 



2 3 6 3 6 1 

After execution: 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



1 1 1 



1 ll 1 10 



1 







I in i P n //' '/' i^^ 
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Example 3: Multiply by 4 the positive number 1336^0 
(2470,8). previously loaded into the A register. 

GAP Coding: 



Symbol, 


Opr 


Operand 


X 

20 


1 1 2 i 3 ? •< ! » i • 


B : 9 j 1 1> 


12Jl314|l»l6|t7|tBjlg 




S L ,A 


2 













I Before execution: 
After execution: 



Register Contents in Octal 
A Q 



0002470 



0012340 



r 



534410 



SRD 



K 



2511000 



Word Times: 2 to 12 



Functional Description: SHIFT RIGHT DOUBLE. The 
contents of the A and Q registers (1-19) together are 
shifted K places to the right. Bits shifted out of A (19) 
shift into Q (1). Bits shifted out of Q (19) are lost. 

If the sign of A is plus (0), 0-bits fill the vacated posi- 
tions. If the sign of A is minus (1), 1-bits fill the 
vacated positions. The sign of Q is replaced by the sign 
of A. The sign of A is unchanged. 

I When the instruction is written SRD 0, only the sign 
of A is shifted into the sign position of Q, There is 
no other data transfer. 



Example 2 : Shift right double 2 bit positions the con- 
tents of thF A and Q registers. 



GAP Coding; 



Symbol 


Opr 


Operand 


X 


1 1 2 ! 3 j ^ i = 1 3 


' i ' 1 " 


t 2 I i - 


.iaiisl'iDli'liBilS 

1 1 1 1 1 i 


2G 




SRD 


2 













Register Contents 
in Binary 



Before execution: 
A Reg 







1 1 



1 1 



1 1 



1 1 



1 1 



1 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



0001101011 1 1 1 1 1 



Q Reg 

After execution: 
A Reg 



00001101010 111011 100 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



00 


1 


1 1 


1 1 


1 1 


1 


1 1 



Q Reg 



Example 1: Shift right double 2 octal positions the con- 
tents of the A and Q registers. A contains 1234567g; 
Q contains 36543218. 



GAP Coding: 








Symbol 


Opr 


Operand 


X 


.1 a i s! «! =i » 


a I e i 10 


iail3Jl4liat6il7|ieit9 


20 




S,R,D 


6. 










__ 



Before execution: 
After execution: 



Regisv . C ontents in Octal 
A Q 



1234567 



'?R54321 



n 



0012345 



n^ 



576543 



SLD 



K 



2512200 



Word Times: 2 to 12 



Functional Description: SHIFT LEFT DOUBLE, The 
contents of the A and Q registers (1-19) together are 
shifted K places to the left. Bits shifted out of Q (1) 
shift into A (19). The vacated positions of Q are filled 
with 0-bits. If a non-zero bit is shifted out of A (1), 
overflow occurs and the bit is lost. 



The sign of Q replaces the sign of A. The sign of Q is 
unchanged. (SLD shifts only the sign of Q to A. I 
There is no other data transfer.) 
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Example: Shift left double 4 bit positions the contents 
of the- A and Q registers. 

GAP Coding: 



Symbol 



■ I ' I ' 1 ♦ I » I ° 



Opr 



a I 9 I 1 



S ,L D 



Opdriii 



12 T3[ 14IB t6|l7 18 I 19 



Kegister contents 
in Binary 



Before execution: 



A Reg 






00 


1 


1 1 


1 1 


1 1 


1 1 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



E 



1 1 



1 1 



1 1 



1 1 



1 1 



oil 



Q Reg 

After execution: 
A Reg 



00101 


1 


1 1 1 


1 1 


1 


1 1 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 





1 1 


1 1 1 


1 


1 1 


1 1 






Q Reg 



SCA 



K 



2510040 



Word Times: 2 to 12 



Functional Description: SHIFT CIRCULAR A REG- 
ISTER. The contents of the A register (1-19) are 
shifted right K places m a circular fashion; that is bits 
shifted out of position 19 are inserted in position 1, 
replacing bits as they are shifted out of position 1. The 
sign of A is unchanged. 

Example: Shift circular A register contents 8 bit posi- 
tions. 



Register Contents 
in Binary 



Before execution: 
A Reg 






1 


2 3 4 


5 6 7 


8 9 10 


11 12 13 


14 15 16 


17 18 19 








1 1 1 


1 





1 1 1 


1 1 


1 1 1 



After execution: 
A Reg 

D 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 






1 


1 1 


1 1 1 


1 1 


1 1 


1 


1 



SCD 



K 



2511200 



Word Times: 2 to 12 



Functional Description: SHIFT CIRCULAR DOUBLE, 
"the contents of the A and Q registers (1-19) together 
are shifted K places to the right in a circular fashion. 
Bits shifted out of A (19) shift into Q (1) and those 
from Q (19) shift into A (1). The sign of A replaces 
the sign of Q. The sign of A is unchanged. 

Example: Shift circular double 4 bit positions the con- 
tents of the A and Q registers. 

GAP Coding: 



Symbol 


Opr 


Operand 


X 


1 1 2 1 3 i 4 1 6 i 6 


S j 9 j 10 


I2|l3|t«jl5jl6j17|l8il9 


20 


1 , : 1 


SCD 


4 













Register Contents 
in Binary 



Before execution: 
A Reg 






1 


10 


1 1 1 





1 1 


1 1 


1 





1 


2 34 


56 7 


8 9 10 


11 12 13 


14 15 16 


17 18 19 








1 1 





1 1 1 


1 


1 


1 1 



Q Reg 

After execution: 
A Reg 



GAP Coding: 








Symbol 


Opr 


Operand 


X 


, 1 . 1 3 1 . I =1 « 


a 1 8 1 10 


t2|l3[l4JlBJt6J17|lBilg 


20 




S ,C A 


8 , , . , , , 



















1 1 


1 1 


1 1 


1 


1 


1 1 





1 


2 3 4 


5 6 7 


8 9 10 


11 12 13 


14 15 16 


17 18 19 





1 


1 


1 


1 


1 1 


1 1 


1 



Q Reg 
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Arithmetic Register Siiifts 



GAP Coding: 



SAN 



K 



2510400 



Word Times: 2 to 12 



Functional Description: SHIFT A AND N RIGHT. The 
contents of the A (1-19) and N (1-6) registers together 
are shifted K places to the right. Bits shifted out of A 
(19) shift into N (1). 

Bits shifted out of N (6) are lost. If the sign of A is 
plus, 0-bits fill the vacated positions of A. If the sign 
of A is minus, 1-bits fill the vacated positions of A. 
The sign of A is unchanged. 

Example: Shift A and N right 6-bit positions (1 BCD 
character). 



GAP Coding: 



Symbol 


Opr 


Operand 


X 


1 1 2 1 3 1 4 j = i e 


• , • i " 


- 


1 3 


1 4 i t 9 ! \e 1 1 7 


1 e 


to 


2C 




S A .N 


6 . 













Register Contents in BCD 


A 


N 


$59 


? 






0$5 


9 



Before execution: 
After execution: 



Comments: While this instruction can be modified 



automatically, its use in a modified form is not recom- 
mended. However, if the length of the shift is modified 
by the contents of an X register, then the length of the 
shift, plus the contents of X, cannot exceed 31 places 
in any one shift instruction. 



SNA 



K 



2510100 



Word Times: 2 to 12 



Symbol 


Opr 


Optra nd 


X 


.1 = 1 . i .1 »l • 


a < B j 10 


I2|l3| l4[tSJIejl7|tBJl» 


20 




S ,N A 


6 













Register Contents (BCD) 



Before execution: 
After execution; 



A 


N 


123 


8 


2012 






ANQ 



K 



2511400 



Word Times: 2tol2 



Functional Description: SHIFT A INTO N AND Q. The 
contents of the A register (1-19) are shifted K places 
to the right into both registers N and Q. Bits shifted 
out of A (19) enter both Q (1) and N (1). Bits shifted 
out of N (6) and Q (19) are lost. If the sign of A is plus, 
the vacated positions of A are filled with 0-bits; if the 
sign of A is minus, 1-bits fill the vacated positions of 
register A. The sign of A replaces the sign of Q. The 
sign of A is unchanged. The N register must be 'ready' 
before this instruction is executed. SeeBNNandBNR 
instructions. 

Example; Shift A into N and Q registers 6 bit positions. 



GAP Coding: 












Symbol 


Opr 


Operand 


X 


1 1 2 1 3 . . i = 1 . 


, , . 1 ,0 


•M " 


1 4 j 1 » 1 1 6 1 1 7 


18 1 19 


20 




A N Q 


6 













Register Contents in BCD 



Before execution: 



123 



??? 



Functional Description: SHIFT N AND A RIGHT. The 
contents of registers N (1-6) andA (1-19) together are 
shifted K places to the right. Bits shifted out of N (6) 
shift into A (1). Vacated positions inN are filled with 
0-bits. Bits shifted out of A (19) are lost. The sign 
of A is unchanged. The N register must be 'ready' 
before this instruction is executed. SeeBNNand BNR 
instructions. 

Example: Shift N and A right 6 bit positions (1 BCD 
character). 



After execution; 



012 



N 



cn 



Q 



3?? 



N 

m 
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NAQ 



K 



2511100 



Word Times: 2 to 12 



Functional Description: SHIFT N, A, AND Q RIGHT. 
The contents of registers N (1-6), A (1-13), and Q 
vl-19) together are shifted K places to the right. Bits 
shifted out of N (6) shift into A (1). Bits shifted O'st of 
A (19) shift into Q (1). Bits shifted out of Q (19) are 
lost. VacatedpositionsofNarefilledwith 0-bits. The 
sign of A is unchanged. The sign of Q is set to the sign 
of Aj The N register must be 'read"' before this 



AO C^Ck^ULCIU. 



Example: Shift N, A, and Q right 6 bit positions (1 BCD 
character). 



GAP Coding: 








Symbol 


Opr 


Operand 


X 


1 1 2 1 3 j A \ B I « 


a 1 B j 10 


l2Jl9J14|!SJle17jleil9 


20 




N,A,Q 


6 .,,,,. , 


— 









Before execution: 



Register Contents in Octal 
A Q 



888 



??? 



places; 0-bits replace the contents of memory location 
0000 (15-19); bit positions (S, 1-14) of 0000 are always 
set to zeros. The sign of A is unchanged. Vacated 
positions of A are filled with 0-bits. 



If the A register sign is minus, the number of leading 

X— WAUO yjl. r\ ^X — A*// CLX C OIIXXLCU XC^XL, V/Lll^X WX»J*^ \-^v^^v^v*l-xvyi* 

occurs as described above. If a 1-bit is shifted from 
A (1), overflow occurs. 



Example 1: Normalize the A register which contains 
00012348 (9 leading 0-bits) to 10 bit positions (K = 10, 
R= 9). 



GAP Coding: 



Symbol 


Opr 


Operand 


X 


1 I 2 1 3 j A 1 5 1 6 


a 1 B 1 to 


,.] ,3- 


1 4 j 1 5 1 t 6 : 1 ? 1 i e i ! - 


20 


, , , 


N,0,R 


1,0 , , , , 













After execution: 



' I 



788 



N 



Q 



8?? 



Memory and Register Contents in Octal 
A 0000 



Before execution: 
After execution: 



0001234 



00000 ?? 



1234000 0000001 



Example 2: Normalize the A register which contains 
00123458 (6 leading 0-bits) to 5 bit positions (K = 5, 
R= 6). 



NOR 



K 



2513000 



Word Times: 3 to 12 



Functional Description: NORMALIZE THE A REG- 
ISTER. The effect of this instruction depends upon the 
value of K, the sign of the A register contents and R 
(the number of leading zeros in A). 

If the A register sign is plus, and the number of 
xcauiiig u-uxLB \i\) 111 A vx-i»; IS less than i\, me con- 
tents of A (1-19) are shifted left R places. The dif- 
ference K-R replaces the contents of memory location 
0000. 

If the A register sign is plus, and the number of 
leading 0-bits (R) in A (1-19) is greater than or equal 
to K, then the contents of A (1-19) are shifted left K 



GAP Coding: 



Symbol 


Opr 


Operand 


X 


t i 2 3 4 ! B 1 8 


. 1 . po 


l2T"l3 


1 4 1 t s j 1 e 1 17 


IB 


19 


20 




NOR 


5 













Memory and Register Contents in Octal 
A 0000 



Before execution: 
After execution: 



0012345 



1162400 



00000 ?? 



0000000 



m-n§^ 
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Example 3: Normalize the A register which contains 
the negative number 3776542 (9 leading 1-bits) to 6 
bit positions (K = 6, R = 9). 



Example 1: Double length normalize the A and Q reg- 
isters which contain 00012348 00765438 (8 leading 
0-bits) to 6 bit positions (K = 6, R = 8). 



GAP Coding: 



Symbol 


Opr 


Operand 


X 


t I 2 i 3 4 1 5 1 6 


e , 9 . 1 


12fl3;i4l»Bll6i17|l8lla 


20 




NOR 


6 













Memory and Register Contents in Octal 
A 0000 



Before execution: 
After execution: 



3776542 



00000 ?? 



3654200 



0000000 



GAP Coding: 



Symbol 


Opr 


Operand 


X 


1 I 2 1 3 j A \ 8 [ 6 


B 9 1 1 


12[IS}UJIB||6|I718J1B 


20 




D.N,0 


6 , 













Memory and Register Contents inOctal 



Before execution: 



0001234 



0000 



00000?? 



Q 



0076543 



Comments: The NOR instruction is used primarily in 
normalizing the A register in normalized floating-point 
arithmetic operations in the AAU. See Section Xn. 

NOR can be automatically modified; however, the length 
of a shift after modification must not exceed 31 places. 



After execution: 



1123403 



0000 



0000000 



1654300 



DNO 



2513200 



Word Times: 2 to 12 



Functional Description: DOUBLE LENGTH NORMAL- 
IZE. If thesignof the A register is plus, and the num- 
ber of leading 0-bits (R) of A U-19) is less than the 
constant (K), then the contents of registers A (1-19) 
and Q (1-19) are shifted left R places. K minus R 
replaces the contents of location 0000 (15-19). 



If R is greater than or equal toK, then the contents of 
registers A (1-19) and Q (1-19) are shifted left K 
places; 0-bits replace the contentsof memory location 
0000 (15-19). BitpositionsS, 1-14 of location 0000 are 
always set to zero. Bits shifted out of Q (1) shift into A 
(19). VacatedpositionsofQarefilledwith 0-bits. The 
sign of Q replaces the sign of A. The sign of Q is 
unchanged. 



If the sign of A is minus, the number of I's of A (1-19) 
are shifted left; all other conditions are the same as 
when the sign of A is plus. If a 1 bit is shifted out of 
bit position 1, the overflow indicator is turned ON. 



Example 2: Double length normalize the A and Q reg- 
isters which contain 00017778 00001778 (9 leading 
0-bits) to 15 bit positions (K = 15, R = 9). 



GAP Coding: 



Symbol 


bpr 


Operand 


X 


,1 .1 ,| .1 .1 . 


e 1 » 1 10 


12 


■' 


1 4 1 la j t 6 j 17 


te 1 1. 


30 




D N, 


1 


5 

















Memory and Register Contents in Octal 
A Q 



Before execution; 



0001777 



0000 



00000 ?? 



After execution: 



1777000 



0000 



0000006 



0000177 



0177000 
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INTERNAL BRANCH INSTRUCTIONS 



i, ti.n\^it. Ajii&Ll u\^t.AV^iiO, will 1^11 pi U V lucr "J.cdoiuii — nidAa.lXg 

capability in the GE-225, fall into two categories: 1) 
internal branch instructions (described in this section) 
and 2) input-output branch instructions (described in 
appropriate peripheral instruction sections). 

Internal branch instructions can be further subdivided 
into two groups: 1) unconditional branch instructions 
and 2) test-and-branch instructions. 



Unconditional Branch Instructions 



These instructions, when executed, unconditionally 
cause transfer of program control to the instruction 
contained in the memory location specified by the oper- 
and address. Operands can specify actual or GAP 
symbolic addresses. 



to transfer control to the instruction located in address 
017668' Note that automatic address modification is 
possible. 



SPB 



0700000 



Word Times: 2 



Functional Description: STORE P AND BRANCH. The 
memory location of the SPB instruction (held in bits 
5-19 of the P counter) replaces the contents of bit 
positions 5-19 of the specified modification word (of the 
current modification group, for systems having the 
additional modification group feature). Bits 0-4 of 
the modification word are automatically set to zero. 
Control transfers to the instruction held in memory 
location Y. The P counter is not incremented during 
an SPB instruction. 

Example: Store P and branch. Store the location of 
the SPB instruction 26768 inX register 3 and branch to 
the instruction held in GAP symbolic location RERUN. 
Assume that GAP has assigned octal location OSOOgto 
the symbol RERUN. 



BRU 



2600000 



Word Times: 1 



Functional pes cription: BRANCH UNCONDITION- 
ALLY. Control is transferred tc the instruction ^t 
memory location Y (Y becomes the address of the next 
instruction). If this instruction is modified auto- 
matically, all 1 5 bits of the P counter are altered by the 
sum of bits 7-19 of the I register and by bits 5-19 
of the specified X register. If no modification, then 
only 13 bits of the P counter are altered. . 

Example: Branch unconditionally to the GAP symtxDlic 
location STORE. Assume that STORE has been as- 
signed the octal address 17668 ^V GAP and that the 
BRU instruction is located in memory location 004608. 



GAP Coding: 








Symbol 


Opr 


Operand 


X 


! j 2 3 , * i 5 ; 6 


3 S , 10 


Ja|j3|t4j:5ii6ii7|is,iv 


^0 


4 6 


BRU 


ST ORE 













G.AP Coding: 








Symbol 


Opr 


Operand 


X 


1 ! ^ , 3 . , 5 « 1 . • , 1 ' 


R ,E R U N 


3 


2 6 7 6 


SPB 











P Counter and X Register Contents in Octal 
P 0003 



Before execution: 
After execution: 



02676 



??????? 



00500 



0002676 



Comments: SPB cannot be automatically modified be- 
cause bit positions 5 and 6 are used to specify the X 
register to receive the SPB memory location. 



After execution: 



P Counter Contents in Octal 



00461 



01766 



Comments: Note that, before execution, the P counter 
has already been stepped to the address of the next 
sequential instruction. BRU modifies the P counter 



Test-and-Branch Instructions 



A test-and-branch instruction causes a check of the 
status or contents of a central processor indicator or 
register to determine if the test condition is true or 
false. If the test is true (condition exists), the central 
processor executes the next sequential instruction; if 
the test is false (condition does not exist), the central 
processor skips the next instruction and executes the 
second sequential instruction. 






73 /^r\ /^^^ r^ 
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The tested registers are unchanged by the test; tested 
indicatQrg may or may not change, depending upon the 
test and the indicator status. Test-and-branch instruc- 
tions affect only the P counter. If the condition tested 
is true, the P counter is automatically increased by 
one, as in non-branch instructions; if the condition 
tested is false, the P counter is increased by two. 
thereby skipping an instruction. 

Test-and-branch instructions require no operand 
address; they can be followed sequentially by a BRU 
instruction specifying the transfer address. For con- 
venience, GAP also permits the use of relative and 
symbolic addressing with test-and-branch instruc- 
tions, as illustrated in the examples following the 
instruction descriptions. 



BOV 



2514003 



Word Times: 2 



Functional Description: BRANCH ON OVERFLOW. 
The overflow indicator is tested for the ON condition. 
If ON, the indicator is automatically turned OFF and the 
next sequential instruction is executed. If no overflow 
occurred, the second sequential instruction is exe- 
cuted. 



BOD 



2514000 



Word Times: 2 



Functional Description: BRANCH ON ODD. The A 
register is tested for an odd value; A (19) contains a 
1-bit for all odd values. 



BEV 



2516000 



Word Times: 2 



Functional Description: BRANCH ON EVEN. .The A 
register is tested for an even value; A (19) contains a 
0-bit for all even values. 



BZE 



2514002 



Word Times: 2 



Functional Description: BRANCH ON ZERO. The A 
register contents (S, 1-19) are tested for 0-bits in all 
positions. 



BNZ 



2516002 



Word Times: 2 



Functional Description: BRANCHONNON-ZERO. The 
A register contents (S, 1-19) are tested for 1-bits in 
any positions. 



BNO 



2516003 



Word Times: 2 



Functional Description: BRANCH ON NO OVERFLOW. 
The overflow indicator is tested for the OFF condition 
(if overflow occurred, the indicator is automatically 
turned OFF). 

If no overflow occurred the next sequential instruction 
is executed. If overflow occurred the second sequen- 
tial instruction is executed. 



BPL 



2516001 



Word Times: 2 



Functional Description: BRANCH ON PLUS. The A 
register is tested for a plus sign in the sign bit posi- 
tion. If the sign is plus, the next sequential instruction 
is executed. If minus, the second sequential instruc- 
tion is executed. 



BMI 



2514001 



Word Times: 2 



Functional Description: BRANCH ON MINUS. The A 
register is tested for a minus sign in the sign bit posi- 
tion. If the condition tested is true, the next sequential 
instruction is executed. If false, the second sequential 
instruction is executed. 



BPE 



2514004 



Word Times: 2 



Functional Description: BRANCH ON PARITY ERROR. 
The parity alarm indicator is tested for the ON condi- 
tion. If a parity error occurred, the indicator is 
automatically turned OFF and the next sequential in- 
struction is executed; if no parity error occurred, the 
second sequential instruction is executed. Note: If 
the control console parity alarm switch is in the 
STOP ON PARITY ALARM position and aparity error 
occurs, the parity alarm indicator turns on and the 
central processor halts. If the parity alarm switch 
is in the NORM position, a parity error will turn on 
the parity alarm indicator but processing will con- 
tinue. This permits programmed interrogation of the 
indicator with a BPE or BPC (below) instruction and 
optional branching to a corrective routine. 



BPC 



2516004 



Word Times: 2 



Functional Description: BRANCH ON PARITY COR- 
RECT. The parity alarm indicator is tested for the 
OFF condition. If parity is correct, the indicator 
remains OFF and the next sequential instruction is 
executed. If a parity error occurred, and the parity 
alarm indicator is ON, it is turned OFF automatically 
and the second sequential instruction is executed. See 
Note under BPE, above. 
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Example: Test the A register contents for a positive 
value; if negative, test for an even value; if odd, test 
for zero; if not zero, store A in symbolic location 
RESULT. Assume quantity to be tested has previously 
been loaded into the A register and TEST begins in 



1n/>oHnn n91 1 o. 



GAP Coding: 



Symbol 


Opr 


Operand 


X 


: ! 2 i J ! 4 j 


1 B 


" i ° i '° 


12ll314ilBJl6JI7 


,.i,= „ 




,T , E S, T 


B,P ,L 








B R U 


PL US , 






B.ZE 








B R U 


ZERO 






BE , V 








B R U 


EVEN 






S ,T A 


R E S U X , T 






{ 








\ 








} 







Comments: If the number in the A register is positive. 
the P counter is not stepped and the instruction at 

if me number tested is negative, the P counter is 
stepped to TEST+2, which causes the number to be 
tested for zero. If zero, again the P counter is not 
stepped and control transfers to symbolic location 
ZERO. If not zero, the P counter steps to TEST+4 and 
the number is tested for an even value. If even, the P 
counter is not stepped and control transfers to loca- 
tion EVEN. If not even, the P counter is stepped +1 
and the contents of the A register are stored in sym- 
bolic location RESULT. One result of the series of 
instructions is to store only negative odd numbers in 
location RESULT. 



♦ CAB 



2100000 



Word Times: 2 to 4 



Functional Description: COMPARE AND BRANCH. 
The contents of the A register are compared algebrai- 
cally with the contents of location Y. If the contents of 
Y are greater thap the contents of A, the next instruc- 
tion in sequence is executed. If the contents of Y are 
equal to the contents of A, the next instruction is 

o&Ap^cva CLilu tUC OC^UUU oc\^UdlIld-l iliO UX UC LlUll ID CAC- 

cuted. If the contents of Y are less than the contents 
of A, the next two instructions are skipped and the third 
sequential instruction is executed. 

Esamgle: Compare the contents of symbolic location 
TEST wi'th the contents of the A register. If TEST is 
greater than A, go to symbolic location MORE for next 



instruction. If TEST equals A, go to symbolic location 
EQUALS, If TEST is less than A, go to symbolic loca- 
tion LESS. Assume CAB is in location 01238- 

GAP Coding: 



Symbol 


Opr 


Operand | X | 


1 1 2 1 3 ] 4 ] ! 1 e 


B j B 1 ID 


1z] 13j HJIBJ t6jl7 j 16 j 19 


20 


,A N,S 


CAB 


T E , S , T , , , , 






B R U 


MORE ^ 






B R U 


EQUALS 




L E S. S 


ADD 


3,4 , , , 





























Registers Affected: 

Before execution: 
After execution: 

Y > A 

Y _ A 
Y< A 



P Couutur in Octal 
0000123 I = ANS 



00001241 - ANS+1 



I nnnni9Fii 

I — I 



0000126 = LESS 



* DCB 



2200000 



Word Times: 2 to 6 



Functional Description: DOUBLE COMPARE AND 
BRANCH. The contents of the A and Q registers are 
compared algebraically with the contents of memory 
locations Y and Y + 1. If the contents of Y and Y + 1 
are greater than the contents of A and Q, the next in- 
struction in sequence is executed. If the contents of Y 
and Y+ 1 are equal to the contents of A and Q, the com- 
puter skips the next instruction and executes the second 
sequential instruction. If the contents of Y and Y + 1 
are less than the contents of A and Q, the computer 
skips the next two instructions and executes the third 
sequential instruction. Y should be an even location. 
If Y is odd, Y and Yare compared with the contents of 

lue Signs ui x+1 ciiiu <<^ ttxc xgiiuxcii. 



A anu \al. 



Comments: Both the DCB and the CAB instructions 
provide a 'three-way compare' capability. CAB pro- 
vides of single-length word comparisons, while DCB 



* This instruction is an optional feature. 



I in 



rp 



77 77 ii^ 
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compares double -length words. In both instructions 

the eiiect on the P counter is similar: 



Y > A (or A and Q) 

Y = A (or A and Q) 
Y< A (or A andQ) 



P unchanged 
Step P + 1 
Step P + 2 



MODIFICATION INSTRUCTIONS 



mx 



K 



1400000 



Word Times: 3 



Functional Description: INCREMENT X. This instruc- 
tion adds the number K(bitpositions 7 through 19 of the 
I register) to the contents of the specified X register 
(bit positions 5 through 19). The result replaces the 
contents of the X register (positions 5-19); any carry 
from position 5 is dropped. No automatic modification 
is possible. X register locations are 0000 through 
0003, or 0000 through 0127, if the additional modifi- 
cation groups are available. 

Exampl e 1: Increment X register 0002, which contains 
51210 (lOOOg), by 1. 



GAP Coding: 



Symbol 


Opr 


Operand 


X 


t 1 J ! 3 ' 4 ■ 5 i S 


8 ! i 10 


- 


ij 


14 j IB 1 1 6 1 17 


IB 


" 


20 







I N ,X 


1 , . . , ^ 


2 











X Register Contents in Octal 
0002 



Before execution: 
Af*'er PX'^^v^ion 



0001000 



0001001 



Example 2: DecrementX register0003, which contains 
lOOlO (1443), by 6 (same as incrementing by 8I8610 
or 17772a). 



GAP Coding 



Symbol 


Opr 


Operand 


X 


1 ! 2 ! a i 4 i 5 ! . 


8 1 9 j 10 


tz 


13 


14 1 15 j 16 i 17 


16 


IB 


20 




I N X 


8 


1 


8 6 






3 











X Register Contents in Octal 
0003 



Before execution: 
After execution: 



0000144 



0020136 



Comments: If INX is used to decrement the X register, 
a carry is generated into bit position 6. This 1-bit in 
position 6 does not affect BXH or BXL instructions 
(described later), because these commands compare 
bit positions 7 through 19 only. However, if the de- 
cremented contents of the X register are used to modify 
an address, the carry into position 6 will affect the 
modification. This is because X register bits 5 through 
19 are used to modify the operand address. Also, 
INX should be used with caution to zero an X register; 
incrementing or decrementing the register by the 
quantity required to set it to zero actually sets the 
register to 8192 (1-bit in position 6). The LDA 
or LDX ZERO instruction is recommended for zero- 
ing an X register. 

X Register Contents 
SI ^6 7 19 



__ 



Affects BXL and 
BXH instructions 



Modified by INX instruction and 
used for address modification 



BXH 



K 



X 



0500000 



Word Times: 3 



Functional Description: BRANCH IF X IS HIGHER 
THAN OR EQUAL TO. If the contents of the X register 
(7-19) are greater than or equal to the constant K, the 
next sequential instruction is executed; if less thanK, 
the second sequential instruction is executed. X is 
unchanged. No automatic modification is possible. X 
register locations are 0000 through 0003, or 0000 
through 0127 if the additional modification groups are 
available. 

Example 1: Branch if X is higher than or equal to 4. 
Assume that X register 0002, which contains 6, is to 
be used. Assume that BXH is in actual memory loca- 
tion 01633. 



Symbol 


Opr 


operand 


X 


t 1 2 I 3 j 4 j 9 I e 


8 1 . jlO 


12|l3il4Jt&{lflil7|tB{19 


2 




BXH 


4 


2 


F, I . C, A , 


B, R.U 


0,7 ,7 7 , , 






S, T, A 


T,E M,P, , 






s 








I 







\MC 



I In: 



1 r,TA rzi 
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P Counter Contents 
in Octal and Symbolic 






0164 


= FICA 






0164 


= FICA 



BXL 



K 



0400000 



Word Times: 3 



Before execution: 
After execution: 



Example 2: Branch if X is higher than or equal to 4. 
.mmuuiE uKxi. .A xcgioLcx \i\)\j£i, wiuuii iiuw cuiiiains a o, 
is to be used. Assume that BXH is in actual memory 
location 0163g. 



GAP Coding: 








Symbol 


Opr 


Operand 


X 


.1 .1 ,1 .1 .1 . 


s 1 s 1 10 


t2ll3|t4Jls|le 


»7 1 IB 1 t B 2Q 




B,X,H 


4. , . , 


, , 2 


FICA 


B, R.U 


,7 ,7 7 






S , T , A 


T, E M, P. 






( 








} 








i 








V 




, 



Functional Description: BRANCH IF X IS LESS THAN. 
If the contents of the X register (7- 19) are less than the 
constant K, the next sequential instruction is executed: 
if greater than or equal to K, the second sequential 
instruction is executed. X is unchanged. No auto- 
matic modification is possible. X register locations 
are 0000 through 0003, or 0000 through 0127 if the ad- 
ditional modification word groups are available. 

Example 1: Branch if X is lower than 5. Assume that 
X register 0003, which contains 6, is to be used. 
Assume that BXL is in actual location 001 4g. 

GAP Coding: 



Symbol 


Opr 


Operand 


X 


1 1 z i s i 4 ! b1 « 


B 1 S I 10 


I2J 13| t4Jlsj lejl7 i la 1 19 


20 




B,X, L 




3 


M, O, D, 


B, R,U 


1 ,4 11, , . , 






S , T,.A 


T,.E M,P, , , , 






'i 








). 








\ 








4 







P Counter Contents 
in Oftal and Symbolic 









Before execution: 


0164 


= FICA 








After execution: 


0165 


= FICA+1 



Comments: Note, in example 1, that because the tested 
condition is true, the P counter is not stepped to the 
second sequential instruction. Instead, the next in- 
struction is the imconditional branch (BRU) which 
transfers control to the instruction at 0777. In 
example 2, the tested condition is false; that is, the X 
register contents are not higher than 4. Hence, the 
P counter, which has already been stepped once, is 
stepped again to 0165 and the unconditional branch is 
skipped. 



A BXH instruction is generally, but not necessarily, 

followed by a BRU instruction specifying the address 
of the first instruction of the branch sequence. 



If an optional modification word group is to be used, 
the BXH instruction must have been preceded by an 
SXG instruction, which selects the desired modifi- 
cation word group. 



Before execution: 



After execution: 



P Counter Contents 

in Offflil ano >vmtaolir 



0015 j = MOD 



0016 



MOD+1 



Example 2: Branch if X is lower than 5. Assume tiuit 
X register 0003, which contains 2, is to be used. As- 
sume that BXL is in actual location 001 4g. 

GAP Coding: 



Symbol 


Opr 


Operand 


X 


1 ] 2 j 3 j 4 j s \ a 


. 1 . |10 


12Jl3Jt4J15Jletf7jlBJl3 


20 




Bi XL 


5 , 


3 


MOD 


B, R, U 


1 ,4 1 ,1 . , , , 






S, T. A 


T.E MP 






Y 








1 


















f 







P Counter Contents 
in Octal and Symbolic 



Before execution; 
After execution: 



0015 



0015 



= MOD 
= MOD 



'M^ 



^ 
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Comments: In example 1, the tested condition is false; 
tiiat is, the X register contents are not lower than 5. 
Hence, the P counter is stepped anadditionallocation, 
and the BRU instruction is skipped. In example 2, the 
tested condition is true; the X register contents are 
lower than 5. Thus, the P counter is not stepped and 
the next instruction executed is the BRU, which trans- 
fers control to the instruction at actual location 1411. 

The BXL instruction is generally, but not necessarily, 
followed by a BRU instruction for the branch sequence. 

If an optional modification word group is to be used, 
the BXL instruction must have been preceded by an 
SXG instruction, which selects the desired modification 
word group. 



LDX 



X 



0600000 



Word Times: 3 



Functional D escription: LOAD X. The contents of 
memory location Y (S, 1-19) are loaded into register X 

(S, 1-19). Y is not affected. 

Example: Load X with the contents of symbolic loca- 
tion SETl. Use X register 0003. Assume SETl con- 
tains 0000001. 



GAP Coding: 










Symbol 


Opr 


Operand 


X 


, i 2 i 3 : 4 I B i e 


8 1 1 10 


izl 13! '41151 18.1 


' j Te 1 19 


20 




L D,X 


S E , T , 1 , , , 


3 











Memory and X Register 
Contents in Octal 



SETl 



0003 



Before execution: 
After execution: 



0000001 



0000001 



0000001 



Comments: rhis instruction cannot be automatically 
address modified. X registers in optional modification 
word groups can be used, if LDX is preceded by an 
SXG instruction specifying the desired group. LDX is 
useful in initializing an X register. 



Example: Store X register 0002 contents in symbolic 
location RESET. Assume 0002 contains 01357468. 

GAP Coding: 



Symbol 


Opr 


Operand 


X 


1 ! 2 1 3 , 4 , 5 , 6 


g 9 10 


12J13:id|!5l)ei17|le[l3 


20 




S T X 


R ,E S E T 


2 











Memory and X Register 
Contents in Octal 



RESET 



0002 



Before execution: 
After execution: 



0135746 



0135746 



0135746 



Comments: This instruction cannot be automatically 
address modified. X registers in optional modification 
word groups can be used, if STX is preceded by an SXG 
instruction specifying the desired group. 



* SXG 



2506013 Word Times: 2 | 



Functional Description: SELECT X REGISTER GROUP. 
The modification word group (00-31) specified by Yis 
selected and remains selected until another SXG in- 
struction is given. After a given group is selected, all 
instructions referencing an X register will refer to one 
of the words within the selected modification group. 

Example: SelectX register group 27 so that subsequent 
instructions containing X modification coding (bit posi- 
tions 5 and 6) will refer to memory locations 0108 
through 0111. 

GAP Coding: 



Symbol 


Opr 


Operand 


X 


t I 2 1 3 1 4 1 B 1 6 


a 1 B 1 1 


12 1 1 3 


14 j 15 j 16 1 t7 


,8 


IB 


20 




S X ,G 


2 7 










L 



Subsequent 
Instruction 
Bit Positions 
5 6 



Modification Word 
Selected (Decimal) 

0108 



STX 



1700000 



Word Times: 3 



Functional Description: STORE X. The contents of 
register X (S, 1-19) are stored in memory location Y. 
X is not affected. 



1 

1 
1 1 



0109 
0110 
0111 



* This instruction is an optional feature. 
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Comments: After execution of the SXG instruction, 
subsequent instructions containing 01, 10, or 11 in bit 
positions 5 and 6 will reference memory location 0109, 
0110, or 0111 until another SXG instruction selects 
another modification word group. X register instruc- 
tions (IISTX, BXL, BXH, LDX, and STX) containing 00, 
01, 10, or 11 will reference memory locations 0108, 
0100 nun nrnin iwnfothQ++hoi^no«/^r, or,o«;«^^ v,,, 

00 X register coding (0108, in this case) has the same 
properties as location 0000. 

The decimal locations of the modification words sel- 
ected by the SXG are readily computed by multiplying 
the modification word group number by 4 and adding 
the X register coding of the instruction in question to 
the result. 

For example, assume that an STA instruction specifies 
modification word 3 (11) and that a previous SXG in- 
struction selected modification word group 18. To 
determine the actual location of the modification word, 
multiply 18 by 4 (giving 0072) and add 3 (giving location 
0075). 

PROGRAMMINe 16K MEMORY 
SYSTEMS 



In addition, the proper allocation and use of memory 
becomes essential. Figure 5-5 illustrates an efficient 
and economical memory layout that allocates linkage, 
read-write areas, special subroutines, working stor- 
age and constants to lower memory and places the 
operating program and program subroutines in upper 
Using memory in this way minimizes 



memory 



way 



Addressing the Upper Bank 

In the 16k system, an operand address requires a 
fifteen-bit addressing capability, as opposed to a 
thirteen-bit 8k address. Thus, memory locations 
00000 through 08191 in the lower bank can be ad- 
dressed directly, but memory locations 08192 through 
16383 must be accessed through address modification. 

When modification is used, both the P and I registers 
which possess 15-bit address capability, are affected. 

When an instruction is modified, the 15-bit constant 
in an index word (bits 5 through 19) is added to the 13- 
bit operand in the I register. After this addition, the 
instruction actually executed has an effective operand 
of 15 bits. 



The GE-225 information processing system is avail- 
able with a 16k (16,384 word) memory which is 



— o " -J 

basic parts: 



r\ rrirrr'n tvtrv-* or«c? 



the lower 8k memory and the upper 8k 
memory, referred to as the lower bank and the upper 
bank. The lower bank is considered to be memory 
locations 0000 through 8191, and the upper bank 
locations 8192 through 16,383. In programming 16k 
systems, accessing techniques and special restrictions 
as to instructions and software use must be considered. 



0000 



LOWER MEMORY 



8191 



8192 



UPPER MEMORY 



16383 



LINKAGE 



READ-WRITE AREAS 



PACKAGED SUBROUTINES 

WORKING STORAGE 
AND CONSTANTS 



PROGRAM 



TABLES AND 
ARRAYS 



An example using address modification to access thp 
upper bank is shown by the coding: 





Sr>M 


Of 




X 


.uU 




. 1 1 1 » , * i . [ • 


■ 1 • i " 


■i ] '•! t. j •« 1 •• 1 " j '■ 1 M 


tt 


" 1 


1 


U P B N K. 


DEC 


8 19 2 




UPPER BANK CONSTANT / 






f ( 












>, ) 








2 




LDX 


UP B N K 


2 


SET INDEX TWO = 8192 






c c 






/ 






\ S 






\ 


3 




L DA 


6 ,,,,.. 


2 


] 












{ 












1 



Figure 5-5. 16k Memory Layout 



The execution of the instruction in line two places the 
Constant 8192 in index word 2. The instruction of line 
3 is modified by index word 2 and gives an effective 
address of 8192+6, or 8198, which is the desired upper 
bank memory location. 



Index word 2 can now be used whenever access to data 
in an upper bank memory location is desired by the 
programmer. However, if the program is executing 
instructions in the upper bank, the P counter remains 
set for upper memory and is incremented in the normal 
manner without the need for modification. 



Most GE-225 instructions access only memory loca- 
tions in the lowerbankwhen not indexed, but can access 
the upper bank when properly indexed. Figure 5-6 
contains a brief description of the effect of GE-225 
instructions when addressing 16k memories. Further 
explanations are given for specific commands. 



flxiFP CK\ Cn^ fP 
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Commands 


Behavior 


1. 


MOV and controller commands 


1. Any memory location may be 
accessed with a 15-bit direct 
address. 


2. 


General commands 


2. The operand address is restricted 
or non-existent, independent of 
memory size. 


3. 


Indexed BRU 


3. Any memory location can be 
accessed through automatic 
address modification, and the P 
counter is set to obtain successive 
instructions from the memory 
bank selected by the BRU. 


4. 


SPB and unindexed BRU 


4. The 13-bit address applies only 
to locations in the memory bank 
in which the instruction is stored. 


5. 


LDX and STX 


5. The 13-bit address always applies 
to locations in the lower memory 
bank. 


6. 




All others 


6. Unindexed instructions access 
locations in the lower memory 
bank; indexed instructions may 
access any location via automatic 
address modification. 



Figure 5-6. Instruction Characteristics when Addressing 16k Memories 



Executing Instructions in the Upper Bank 

Control can be shifted to instructions contained in 
memory locations in the upper bank of a 16k system 
by a suitably indexed BRU instruction. The effect of 
an indexed BRU is to set the two high-order address 
bits of theP counter. No other instruction may accom- 
plish this (P automatically advances from 8191 to 
8192 when no branch intervenes). Unindexed BRU 
instructions do not change the high-order address bits 
in the P counter. Also, an unindexed BRU causes sub- 
sequent instructions to be taken from the bank con- 
taining the BRU. Control remains in the upper bank 
until the next indexed BRU is executed, despite inter- 
vening SPB and unindexed BRU instructions. 

Example 1: Change control from the lower bank to 
memory location 12000 in the upper bank. Assume 
index word 2 contains the constant 08192. 

GAP Codms: 

Memory 
Location 



1756 



Opr 


Operand 


X 


» ! » j 10 


12 


»3 


1 4 1 15 [ 16 j 17 


1 S 


19 


20 


B R ,U 


3 


8 


8, . 






2 









Subsequent instructions executed are in the upper bank. 

Example 2: UpperBankExecution. Index word 2 con- 
tains 08192. 



GAP Coding: 



Opr 


Operand 


X 


B 1 9 1 10 


12 


„ 


1 4 [ 15 1 16 j 17 


18 


,. 


20 


BRU 


3 


8 


8 






2 









Memory 
Location 

12250 



Next Instruction Location is 12000 
Execution of instructions continues in upper bank. 

Example 3: Upper Bank Execution. Indexword 2 con- 
tains 00000. 



GAP Coding: 



Memory 
Location 

12250 



Opr 


Operand 


X 


8 ! a i 1 


12 


1 3 


14 1 15 j !6 i 1 7 


1 8 


19 


2 


BR ,U 


3 


8 


8 






2 









Next Instruction Location is 12000. 



Next Instruction Location is 03808 



/Am 
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Controls are changed to the lower b. 
memory location 03808. 

In summary, it is essential that the progi 
member: 



An SPB command executed in the upper bankperforms 
exactly like an nonindexed BRU. 



.iner re- 



1. Only a modified BRU instruction can direct 
the central processor to begin executing in- 
structions in the upper bank. The BRU must 
be modified by the necessary increment, as 
illustrated in example 1, above. 

2. Once operating in the upper bank, subsequent 
BRU instructions do not change the setting of 
bits 5 and 6 of the P counter unless another 
properly indexed BRU instruction is encoun- 
tered. Also, once operating in either the lower 
or upper bank it is not necessary to continue 
Indexing to keep control in that bank. Modifi- 
cation is only necessary when branching from 
one memory bank to another. 

SPB Instructions 

An SPB instruction can be used, at no increase in word 
time, in the upper bank to refer to an upper bank sub- 
routine. However, an SPB instruction in the upper bank 
cannot be used to refer to a subroutine in the lower 
bank without first modifying a BRU instruction. The 
same rule exists with respect to using an SPB instruc- 
tion in the lower bank to refer to a subroutine in the 
upper bank. 

Example: Assume index word 2 contains 08192. Use 
an SPB and BRU in the lower bank to access a memory 
location in the upper bank. 

GAP Coding: 



Memory 


Symbol 


Opr 


Operand 


X 


Location 


1 1 a 1 a , 4 1 s , • 


■ i 9 { 10 


tz [ la 1 14 1 18 1 la 1 17 j la j IS 


20 


1750 




S P ,B 


UP P ,E .R , ^ 


1 


1751 


UPP E R 


B R.U 


3 8 8 


2 













Controls are changed from the lower bank to the upper 
bank with the instruction in memory location 12000 
being executed next. The return from the upper bank 
routine (after execution) to lower bank memory location 
01752 can be accomplished by a BRU: 



GAP Coding: 



Memory 
Location 

12120 



Opr 


Operand 


X 


S j 9 { 1 


12{l3|l4JtB|lfi17|l6il9 


20 


B ,R U 


2 


1 















Example: 



GAP Coding: 



Memory 
Location 



12225 



Opr 


Operand 


X 


a I a I to 


lz[l3ll4llB|l6|t7|l8J1B 


20 


S ,P B 


2,0,0 


1 















8 



Next Instruction Executed is 10192. 

The effective address of the next instruction executed 
(10192) is formed by bits 7 through 19 of the I register, 
plus bits 5 and6of the P counter with bits 5 through 19 
of P stored in the index word. 



The programmer should note that since only SPB and I 
BRU instructions have operand addresses which relate 
directly to P counter contents, only the perform as | 
described in the previous paragraphs. All other GE- 
225 instructions with 13-bit operands access locations 
in the lower bankunless they are appropriately indexed 
for the upper bank, regardless of where they are 
located- 



LDX and STX Instructions 



Index words are normally set and stored with LDX 
(Load Index) and STX (Store Index) instructions. These 
instructions transfer a 20-bit GE-225 word between a 
specified memory location, for which al3-bitoperand 
address is provided, and a specified index word. Since 
the index word selected represents a sending or 
receiving location in a data transfer process, auto- 
matic address modification does not occur on LDX and 
STX operand addresses. The 13-bit address field 
means that LDX and STX instructions may access only 
locations 00000 through08191. Although these instruc- 
tions may be stored in and executed from the upper 
bank, they always refer to data stored in the lower 
bank. 



Example: 



GAP Coding: 



Memory 

Location 

12250 



6500 



Next Instruction Executed is 01752 



Opr 


Operand 


X 


a 1 9 i 10 


12|l3|l4Jls|te|t7ll8Jl9 


20 


L,D X 


6 5 0, , , 


2 


(' 






i 






D E C 


, 
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GAPCodiiiff: 




Opr 


Operand 


X 


a 1 g 1 Id 


12 1 IB 1 << I IS I IS 1 17 1 IB i IS 


20 


L.D.A 


3,0,0,0, , , , 


2 


SPB 


* ,+ .1 


1 


S, TO 


2 . , , , , , 


1 


A, D, D 


0, 

















STO Instruction 

The STO instruction is used for direct instruction ad- 
dress modification. Since the standard operand ad- 
dress field is thirteen bits, STO is designed to replace 
the low-order thirteen bits in the specified memory 
location with the low-order thirteen bits of the A reg- 
ister. In 8k memories, STO has virtually no special 
limitations. In 16k memories, STO cannot handle 
MOV or controller commands addressing the upper 
bank, nor is it adequate for direct address modifica- 
tion in other instructions when the address being 
stored is (or may be) in the other bank. 

Example: The contents of Index word 2 = 08192. 



Memory 
Location 

12160 

12161 

12162 
12163 



Designing Subroutines for 16K Memories 

Like 8k programs, subroutijies and other program ele- 
ments in lower 8k can access data and constants and set 
program switches without employing index registers. 
Subroutines in the upper bank must either use indexes 
or utilize the lower bank for data, constants, and 
switches. LDX and STX are essential for indexing 
procedures when extra index groirps -ri arr.-iloyed. 
But LDX and STX can only access the lower bank. It 
is very important to remember this fact when design- 
ing subroutines for the upper bank. Therefore, 
constants should always be in the lower bank. 
Subroutines in general contain their own constants and 
working storage areas. If they are to be assembled 
into the upper bank, they must employ indexes to refer 
to such values, and they must do so without LDX and 
STX. One of two rules is necessary: either subrou- 
tines are located in the lower bank, or else subroutines 
are written to employ a specific index group, whose 
absolute core locations are used in LDA and STA in- 
structions with LDX and STX prohibited. 

16K Mennories and Prior Software 

Subroutines which have been written for the GE-225 
with 8k memories in mind must usually be modified in 
order to function properly with 16k memories. There 
are several reasons for this: 

1. Negative indexing, if used, is accomplished by 
simply adding the 2's complement of the desired 



decrement so that a carry is generated into bit 
position 6, This bit is effective during address 
modification because bits 5 through 19 are trans- 
ferred during modification. Programs which use 
negative indexii^ do not perform properly when 
thejr are run on 16k systems. 

2. The §T0 instruction can be employed extensively 
to set iip data buffer addresses in pertinent com- 
mands in input-output subroutines. STO does not 
handle 14-bit addresses, so that such routines 
must either be modified or else be restricted to 
buffers in the lower 8k bank. 

3. Subroutines usually contain their own constants 
and working storages, and do not access them 
with the aid of index registers. They, therefore, 
must be located inthe lower bank. 

4. Subroutines which call other subroutines have not 
been designed to go through a 'branch relay' pro- 
cess. Therefore, nested subroutines must all be 
placed in the same memory bank, presumably the 
lower bank. 

5. Indirect arguments are often processed with the 
use of the STO instruction. Subroutines which have 
employed this mechanism either must be modified 
or else must restrict their indirect arguments to 
the lower bank. 

6. Subroutines frequently have used the LDX and STX 
instructions which can only access the lower bank. 

7. In general, most existing routines and even basic 
card forinats assumed a 13-bit operand address 
field. The 16k memories require fourteen bits for 
the operand address field. 



Programming for 16K IS^emories 

The following list represents a summary of important 
points to be remembered when programming the GE- 
225 with a 16k memory: 

1. Unindexed instructions, such as LDA, STA, and 
ADD, access the lower bank only. 

2. Operand addresses of MOV and controller com- 
mands cannot be indexed but contain the full 15-bit 
direct addresses. 

3. Some subroutines work only in the lower bank and 
some only in index group zero. 

4. An SPB instruction does not cross the memory 
interface (lower-to-upper or upper-to-lower) di- 
rectly. 

5. Subroutines and other program elements must not 
straddle the memoryinterfacejthatis, they should 
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be located entirely in either the lower or upper 
bank (subject to the restriction in item 3 above). 

6. Instructions LDX and STX always function as if 
only the lower bank were present. 

7, STO stores only 13-bit operand address fields. 



PROGRAMMiNe CENTRAL PROCESSOR 
OPERATIONS 

Figure 5-7 illustrates aportion of the flow charting for 
a rejected parts cost program. GAP coding sheets 
corresponding to that portion of the flow chart are 
shown in Figures 5-8 through 5-11. The coding shown 
was chosen to illustrate typical usage of central pro- 
cessor instructions rather than to show recommended 
methods for programming specific problems. 



In Figure 5-9, lines 2 and 3, SW#3 is interrogated. If 
SW#3 is OFF (contains zeros), calculation of DARE A 
parts follows; if SW#3 is ON, the BNZ in line three 
transfers control to BYPASS (line 3, Figure5-10), 
DARE A calculations are skipped, and FARE A calcula- 
tions are made. 



Line 20 of Figure 5-9 shows a typical method for 
exiting from the main program to a subroutine after 
making provision for return to the exitpointupon com- 
pletion of the subroutine. The SPB NPRIBD causes 
an unconditional branch to aBinary-to-BCD conversion 
routine beginning at symbolic location NPRIBD (not 
shown) and causes the P counter contents (location of 
the SPB) to be placed in index register 1. The final 
instruction of the NPRIBD subroutine is a BRU 0001, 
modified by index register 1, which returns control to 
the instruction following the SPB. 



In Figure 5-8, lines 2 through 10 initialize the input 
and cost areas by storing zeros in the affected loca- 
tions. Note the use of index word 2 to loop through 
lines 4 through 6 until the entire block of 200 locations, 
starting with symbolic address APART, is filled with 
zeros. 



Following the EAREA parts calculation in Figure 5-10 
is a test for overflow. If an overflow condition exists, 
line 11 causes the control location to be stored in modi- 
fication wordl and control transfers to OVRFLO, line 2 
of Figure 5-10. After overflow recovery the BRU 0002, 
modified by index word 1 returns to the main routine, 
line 13, Figure 5-10. 
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Zero Input 

and 
Cost Areas 



ON 




OFF 



SW#3 



Calculate 
EAREA Cost 



I 



Adjust Cost 
—»>E TOTAL 



Calculate 
AREA#2 Costs 



NO 



BOV 



YES 



OVERFLOW 
SUBROUTINE: 
Construct as 
Double Lengthy 



I 



Store Result 
►TEMP 



Set SW#4 
ON 



1 



Calculate 
DAREA Rejected 

Parts-Total 
Cost — ^-DTOTAL 



Calculate 

Average DAREA, 

Rejected Part 

Cost 



/SUBROUTINE :\ 
/ Convert DAVG \ 
\from Bin to BCD / 

\ » DAVG / 



J 



Continuation 



Figure 5-7. Rejected Parts Cost Flow Chart 
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GAP Codine: 


















GE CODER 


X 

1 fl ■ ) O = ,1 


Rejected Parts Cost j 1/9/63 


P.CE 4 

"' 20 




Symbol 

1 : a 1 a . « ; 5 , e 


Opr 


Operand 

I?*13|WJ1S|I6|1T 


REMARKS 

31 ' ^ -~ ^-vs- 


Sequence 


1 




ORG 


1 I) 




,_ MAIN PROGRAM ORIGIN 


10 


2 


START 


D L D 


ZERO 


-- 






1,0 0,5 


3 




S.T A 


2 , 


ZERO INDEX WORD TWO 


1 n 1 n 


i^ 




D S T 


A P A R T 




2 


ZERO INPUT AREAS 


10 15 


5 


. 


I N X 


2, 






2 




10 2 


b 


, 


B X L 


2 






2 




10 2-5 


/ 




BR, U 


* - 3 , , , 










10 3 


8 




L D X 


ZERO . 






2 




10 3 5 


y 




D, S T 


A C O ,S T 






2 


ZERO COST AREAS 


10 4 


iO 


. 


I N X 


2 






2 




10 4 5 


11 




S S 











GAP Coding: 



Figure 5-8. RFC Program - Initialization 





GE CODER 1 Reierted Parts Cost 1 1 '9 '63 


f"'" 2S ! 




Symbol Opr 


Operand 


X 


' \ • 

REMARKS Sequence 




._] , { .1 .! .i . . 1 • 


to 

X 


12 1 IS 1 14 { IB 1 t« { IT I te 

Z , E : K O 


1 '* 


20 


31 "TsK. rT'.. '7. '..1 


1 


, , 


L,D 






ZfcHU U>iUtX WOKLl TWO 


,12 5.01 


2 


> 


L D 


A 


S ,W, #3 . , 








SWITCH NO. 3 




,2,5,5 


3 




B,N 


Z 


B, Y P,A S 


,S 








SKIP DAREA COST 




2 6 


4 




L, D 


A 


# ,D P,A R 


,T 








NUMBER DAREA INDIVIDUAL PARTS 




2,6,5 


5 


, 


N E 


^ 


I.I. 










CONVERT TO TWO'S COMPLEMENT FORM 




2,7 


6 


, 


S ,T 


O 


L,0 0,P D 










SET UP NUMBER TIMES THRU LOOP 




2,75 


7 


D, C A L C 


L,D 


A 


D P, A,R,T 








2 


NUMBER OF EACH PART REJECTED 




2,8 


8 


, 


MA 


Q 
















2,85 


9 




M P 


Y 


D COS T 








2 


COST PER REJECTED PART 




2,90 


10 





X, A 


9. 
















2,95 


11 


, . , . . 


A, D 


D 


D, T O.T, A 


L 












3,0 


12 


, . 


S ,T 


A 


D. T O, T, A 


L 








TOTAL COST DAREA REJECTED PARTS 




3,0 5 


13 


1 . , , 


I ,N 


X 


1 . . 








2 






3,1,0 


14 


L.O O P,D 


B.X 


L 


0, , , , 








2 






3,1,5 


15 


— 1 — . — , — ^ , . 


B, R 


U 


D,C 


A,L,C 














3,2 


16 




M, A 


Q 


















3,2,5 


17 


' 


D V 


_D 


#,D 


P,A,R 


T 








CALCULATE AVERAGE DAREA COST 




3,3,0 


18 


, 


DA 


D 


AD 


JUS 


T 








ADJUST $ 




3,3 5 


19 


, , . , 


M, A 


Q 


















3.4,0 


20 




S,P, 


B 


N ,P 


R , I , B 


D 






1 


BIN-BCD CONVERSION ROUTINE 




3,4.5 


21 


1 


S,T, 


O 


* ,+ 


3, , 














3.5,0 


22 




A, D, 


o 




1 














3,5 5 


23 




S,T 


o 


*,^ 


3, , 














3,6 


24 




L,D 


A 


, 












AVERAGE COST DAREA REJECTS 




3,6,5 


2b 




S,T,A| 


DA V G 




1 


■^ 


_ 






J^J,9 






Figure 5-9. RPC Program - DP ARTS Calculations 
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GAP Coding: 



PROGRAMMER 

GE Coder 


PROGRAM Run #2 

Rejected Parts Cost 


DATE 

1/9/63 


PAGE. 7 

20 


Symbol 


Opr 


Operand 


X 


REMARKS 


Sequence 


,1 . 1 ' 1 'i 'i • 


. 1 . |1C 


,.] ,., ,.l,s|,.i,7| ,. ,,. 


20 


31 75 


'•i"i"i"i'° 




L,D, A 









, 1^ 3 ^ 7^5 




S T A 


DA V G ,+ 


1 








.1,3 


8 ,0 


BY P ASS 


L,D, A 


E.P A.R, T 










NUMBER EAREA FARTS 


1,3 


8 ,5 




M A Q 














1 , 3 


9 




M P, Y 


E. C S T 










COST PER PART EAREA 


,1,3 


9 5 




X. A Q 














.1,4 







A, D, D 


E A,D, J . 










EAREA ADJUSTMENT 


1,4 


5 




S ,T .A 


E T O.T, A 


L 








TOTAL ADJUSTED COST EAREA REJECTS 


1,4 


1 




A. D.D 


A R, E, A,# 


2 








CALC AREA#2 COSTS 


1 , 4 


1 5 




B,0 V 














1,4 


2 




S P B 


O , V R, F,L 


o 






1 


OVERFLOW SUBROUTINE 


1, 4 


2 5 




B R, U 


# , 2 C OS 


T 










,1,4 


3 




D, S ,T 


T ,E MP 










TEMPORARY STORAGE 


1 4 


3,5 




L, D, A 


ON E, , 












, 1 4 


4 , 




ST, A 


S ,W , # , 4 , 










SET SWITCH 4 ON 


1,4 


4 5 




B R U 


# 2 


c , o,s 


T 










1.4 


5,0 




( ( 




















DP A R,T, 


B S,S 


3 




















R, E,M 














CONSTANTS AND SWITCHES 


,1.7 


3. 5 


ZERO , 


D, D C 

















,17 


4, 


O.NE, , , 


D, E, C 


1 , 














,1,7 


4 5 


A. D J US , T 


D, D, C 


5 . 


, 












,17 


5 


S.W, #2 , , 


D, E, C 


, 














, 1, 7 


5 5 


S,W #,3 , , 


D, E C 

















1 7 


6 


S W, # 4 . 


DEC 













1 7 


6 5 



Figure 5-10. RFC Program - EPARTS Calculations and Constants 



GAP Coding: 



PROGRAMMER 

GE Coder 


pfo°f"*"Run#2 

Roj^'^t^fi PartP Co,=;t 


DATE 

1/9/63 


p.oE au 

o-- 20 


Symbol 


Opr 


Operand 


X 


REMARKS 


Sequence 


1 ; i 3 ' * ' S ■ * 


a ' 9 i in 


1! ' 13 14 1 15 1 1« , 17 1 IS ! !9 


.. 


31 75 






R ,E ,M 




OVERFLOW SUBROUTINE 


2 4 0.0 


O V R F L O 


S ,R D 


1 






2 4 5 




C H S 






2 4 10 




S R D 
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DIRECT INPUT-OUTPUT OPERATIONS 



GE-225 peripheral units can gain access to memory 
either through the M and N registers or through the 
controller selector and then the M register, as shown 
in Figure 6-1. Peripherals connected to the M or N 
register are deemed to have direct access to memory 
and include the paper tape reader-punch, console type- 
writer, card reader, card punch, and the console 
switches. Operations involving these units are dis- 
cussed in this section. Other peripheral operations, 
such as those involving the MRADS, high-speedprinter , 
magnetic tape handlers, document handlers, and 
Datanet-15 terminals, are covered in the section, Con- 



CONTROL CONSOLE OPERATIONS 

The control console is a control center from which the 
GE-225 operator has both manual control of processing 
and visual representation of the operating status of 
various registers and peripheral units. 

Manual control includes the initial reading into memory 
of the program, starting program execution, and 
(as required) interrupting operation for checking or 
other purposes. Manual control is accomplished 
through the switches described on paEre VT-12, Visual 
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representation of register contents and status of oper- 
ational units is provided by various lensed lights, 
which are also described below. The control console 
consists essentially of a control and an indicator panel, 
as illustrated in Figure 6-2. The upper two-thirds 
of the panel contains most of the indicators, although 
many of the switches in the control position serve 
as indicators as well. 

Alarm Indicators 

At the top left of the console panel, Figure 6-2, are six 
alarm indicators. These are turned on if various error 
conditions are detected during program operation. All 
alarm indicators except the PRIORITY alarm are reset 
(turned off) by the RESET ALARM switch. 

PRIORITY ALARM. This alarm is turned on under 
any of the following conditions: 

1. The AUTO/MANUAL switch is in the MANUAL 
position. 

2. The STOP ON PARITY ALARM switch is engaged 
and a parity error is detected. 

3. The central processor does not have priority 
(access to memory). 

4. A card punch or card reader alarm condition has 
occurred. 



PARITY ALARM. If the STOP ON PARITY ALARM 
switch is on when a parity error is detected, the cen- 
tral processor will halt. The PARITY alarm can be 
turned off by pressing the RESET ALARM switch or, 
although noi a common practice, by programmed 
instructions. The PARITY alarm is turned on under 
any of the following conditions: 

1. The memory-checking circuits of the centralpro- 
cessor detect a parity error while the AUTO/ 
MANUAL switch is in the AUTO position. 

2. The parity checking circuits associated with the 
paper tape reader detect a parity error. 

3. A parity error is detected as information is re- 
ceived from a controller through the controller 
selector. 

OVERFLOW ALARM. The central processor does not 
halt on an overflow alarm. The alarm may be reset 
automatically several times during a normal MP Y in- 
struction. The indicator can also be turned off by 
depressing the RESET ALARM switch or by pro- 
grammed instructions. The OVERFLOW alarm is 
turned on under any of the following conditions: 

1. The capacity of the A register is exceeded during 
arithmetic operations. 

2. An illegal divide is attempted. 
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3. A 1-bit is shiftedoutofbitposition 1 of the A reg- 
ister during a shift left operation. 

CARD PUNCH ALARM. This alarm is turned on any 
time a WCB, WCD, or WC F instruction is attempted 
when the card punch is not in the ready condition. As 
already noted, the PRIORITY alarm also comes on, and 
the central processor halts. The alarm can be reset 
only by pressing the RESET ALARM switch. 

ECHO ALARM. This alarm is turned on when the cen- 
tral "rocessor makes an unsuccessful attempt to select 

alarm light can be turned off only by depressing the 
I RESET ALARM switch. The alarm indicates any of 
I the following conditions: 

1. The selected controller is busy (delay not pro- 
grammed). 

2. An erroneous address was programmed, the ad- 
dressed plug is not installed. 

3. Controller is off line. 

4. Power is off to controller. 

5. Controller is malfunctioning. 

CARD READER ALARM. This alarm is turned on when 
attempting to execute an RCB,RCD, or RCF instruction 

When the CARD READER alarm comes on, the 
PRIORITY alarm also comes on and the card reader 
and the central processor halt. The alarms in this 
combination are reset only by depressing the RESET 
ALARM switch. The reader can be 'not ready' for 
any of the following reasons: 

1. Card reader is not turned on. 

2. Input hopper is empty. 

3. A card is not positioned on the sensing platform. 

4. Reader is busy (already reading a card). 

5. A misfeed or card Jam occurs. 
Ready Indicators 

The upper right comer of the control console contains 
the ready indicators which are green. When the card 
pimch or card reader is ready to receive information 
these indicators are on. If the equipment is not ready 
for operation, an attempt to use the equipment will set 
an alarm indicator and halt central processor oper- 
ation. The standard ready indicators are: 

CARD PUNCH READY. This light reflects the status 
of the card punch. If the cardpunch is not in an oper- 
able condition when a punch instruction is attempted, 
the ready light will be off and the CARD PUNCH and 
PRIORITY Alarms will come on. The more common 



conditions affecting the operating status of the card 
punch are: 

1. An empty input hopper. 

2. A full stacker. 
A misfed card. 
A jammed card. 
A punch cycle. 



3. 
4. 
5. 
6. 



An improperly seated chip box which inhibits 
the turn on of power. 



CARD READER READY. Turn on of this indicator de- 
notes the ready state of the card reader. Execution of 
a read instruction while this lamp is off causes the 
CARD READER and PRIORITY Alarms to light and the 
central processor to halt. The following conditions 
affect operating status: 

1. An empty input hopper. 

2. A read cycle. 

3. A misfeed. 

4. A jam. 

N REGISTER READY. This lamp indicates the readi- 
ness of the N Register to receive input or transfer 
output data. This register is used by the typewriter, 
paper tape reader, or paper tape punch. If an illegal 
code is placed in the N Register and a TYP command 
is given, the N REGISTER READY light goes out and 
stays out until a space key is struck. 

AIM (AUTOMATIC INTERRUPT MODE ). IftheGE-225 
system configuration includes the optional Automatic 
Program Interrupt device, then this light (when ON) 
indicates that control has been transferred to an execu- 
tive routine for servicing one or more peripherals 
in a ready condition. 

8K. This is the only red lamp in the group. When lit, 
this lamp indicates that only an 8K memory is in use. 

DECIMAL MODE. If the Decimal Mode optional feature 
is included, this indicator will come on when the com- 
puter operates in the decimal mode. 

MODIFICATION GROUP INDICATORS 

The five INDEX GROUP display lights are located below 
the alarm lights and to the left of the P counter display 
lights. The lights are numbered one through five from 
right to left. These five lights, read as binary digits, 
indicate the modification word group that has been 
selected by the program (Groups through 31). Each 
group has four registers, through 3. When all lights 



IS 



r-' (7?\(7;MP 



VI- 3 



October 1963 



are off, group zero is available without special selec- 
tion. Only modification word group zero is standard 
on the GE-225 system; additional groups are optional. 
Any time a light is on in the index group, an index 
group other than zero has been selected. 

P Counter Lights 

The fifteen display lights for theP counter are located 
to the right of the INDEX GROUP indicators. They 
are numbered, left to right, from 5 through 19, and 
are arranged in groups of three to facilitate reading 
the binary numbers directly in octal notation. These 
lights show the location of the instruction which 
appears in the I register. The P counter is useful 
when debugging a program and when checking for cor- 
rect operation after a manual branch command to a 
particular program location. 

Save P Switch 



The numbers through 19 below the A register lights 
also apply to the switches. Whenmovedup, the spring- 
loaded switches return automatically to the center 
(normal) position. When moved down, they remain in 
the down position until manually returned to the normal 
position. 

When the central processor is in the manual mode, 
moving an option switch up causes a 1 -bit to be put into 
the corresponding position of the A register. This is 
indicated by an A register display light. Moving an 
option switch up has no effect when the central proces- 
sor is in the automatic mode. 

Moving an option switch down when the central pro- 
cessor is in the automatic mode causes a 1-bit to be 
put into the corresponding position of the A register 
at the time of a programmed RCS instruction. Speci- 
fied switches are left in the down position while running 
certain routines andwhile generating GAP assemblies. 



This switch permits manual return to a particular 
position in the program after interruption to make a 
correction, such as to introduce an instruction manu- 
ally. The SAVE P switch, in the down position, pre- 
vents the P counter from incrementing. When the 
SAVE P switch is returned to the up (normal) position 
after manual operations, the program is ready to 
continue from the place of interruption. When the 
SAVE P switch is in the down position during the auto- 
matic mode of operation, the instruction in the I 
register is executed repeatedly. 

I Register Lights 

The 20 I register display lights are located below the 
INDEX GROUP and P counter lights, and are numbered 
from to 19. They display the contents of the instruc- 
tion register. Like the other register display lights, 
they are easily read in octal notation. Following either 
a program halt or a change of the AUTO/MANUAL 
switch 10 the MANUAL position the I Register displays 
the next instruction to be executed. 

A Register Lights 

The 20 A register display lights are located below the 
I register lights. They are numbered from to 19, 
and display the contents of the A register. These are 
also readable in octal. By using the XAQ switch (des- 
cribed later), the A register lights can be used to 
display the contents of the Q register. All data and 
instructions fed manually into the central processor 
go through the A register, and are entered by use of 
the option switches. 



RESET A Switch 

This switch is to the left of the option switches. It is 
effective only when the central processor is in the 
manual mode. Like the option switches, it is spring- 
loaded in the up position, but not in the down position. 
When moved either up or down, it clears to zero the 
contents of the A register, and turns off all of the A 
register display lights. 

Control Switches 

A strip of switches along the bottom of the control con- 
sole, and the SAVE P and RESET A switches just des- 
cribed, give manual control over the centralprocessor 
and certain functions of peripherals. Eight of the 
switches are the pushbutton type that are pressed 
momentarily to be activated. Three double-label 
switches are the rocker type with two positions. For 
example, the AUTO/MANUAL SWITCH is placed in the 
AUTO position by pressing the end that is labeled AUTO 
and leaving that end in the depressed position. 

PWR. ON. Depressing the PWR ON pushbutton turns 
on DC power to the centralprocessor, the control con- 
sole, and the 400 card per minute reader. It is also 
used as general reset for the central processor. The 
pushbutton is also an indicator, for it lights when power 
is on. 

PWR. OFF. When DC power is on, depressing this 
pushbutton turns it off. 



Option Switches 

The 20 option or control switches just below the A reg- 
ister display lights are used to feed information into 
the A register. Each of these toggle switches enters 
information into the corresponding A registerposition. 



RESET ALARM. This switch is effective only in the 
manual mode. Depressing the pushbutton clears any 
existing alarm condition. It turns off the alarm lights 
and resets flip-flops so that the centralprocessor can 
continue operation. It does not clear the cause of the 
alarm. 
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LOAD CARD. This switch is effective only in the man- 
ual mode. Depressing the pushbutton initiates card 
reader action and causes the reader to go through one 
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RESET P. This switch is effective only in the manual 
mode. Depressing the pushbutton clears the P counter. 



AUTO/MANUAL. This two-position, rocker switch 
selects either the automatic or the manual mode of 
operation for the central processor. When AUTO is 
depressed, the central processor is placed in the auto- 
matic mode, and instructions are processed in a con- 
tinuous sequence under program control. When MAN- 
UAL is depressed, the central processor is placed in 
the manual mode, and the program is executed one 
step each time that the START switch ife depressed. 
Setting the AUTO/MANUAL switch to MAJ^UAL during 
automatic operation causes the computer to halt oper- 
ations at the end of the instruction or word being 
executed. Putting the central processor in the manual 
mode causes the PRIORITY alarm light to come on. 
The following operations can be performed only when 
the AUTO/MANUAL switch is set to MANUAL: 

1. Clear or set information into the A register with 
option switches. 

2. Clear alarm conditions wiUi the KEbE'i ALARM 
Bwitf-h 

3. Reset the P counter with the RESET P switch. 

4. Load a card manually, using the LOAD CARD 
switch. 

5. Transfer the contents of the A register to the I 
register using the A to I switch. 

6. Exchange the contents of the A and Q registers 
using the XAQ switch. 



INST/WORD. This is also a two-position, rocker 
switch which is effective only in the manual mode. It 
determines the length of the cycle of the central pro- 
cessor during manual operations. When INST is 
depressed, the central processor executes one com- 
plete instruction each time the START switch is 
engaged. When WORD is depressed, only one word 
time is executed each time the START switch is en- 
gaged. 



A-»I(AtQl). This switch is effective only in the man- 
ual mode. Depressing the A to I pushbutton transfers 
the contents of the A register, including the sign bit, 
to the I register. The contents of the A register re- 
main unchanged, and can be cleared by toggling the 
RESET A switch. The A to I switch can be used to load 
an instruction nianuallyinto the I register or to correct 
an instruction already there. 

XAQ. This switch is effective only in the manual mode. 
Depressing XAQ causes an exchange of information 
between the A and Q registers. That is, the contents 
of A go into Q and the contents of Q go into A. This 
permits observation/modification of the contents of the 
Q register. By using the RESET A switch and the 
option switches, the operator can clear and correct the 
contents of the Q register while saving the contents 
of the A register. 

STOP ON PARITY A.LARM/NORM. This is a two- 
position, rocker switch. It determines the response 
of the central processor to the detection of a parity 
error. When STOP ON PARITY ALARM is depressed, 
the central processor halts each time a parity error 
is detected and the PARITY and PRIORITY alarm 
lights come on. When NORM (normal) is depressed, 
the central processor continues operation, regardless 
of parity errors, and the only indication of a parity 
error is that the PARITY alarm light is turned on. 
The setting oi the STOP ON PARITY ALARM/NORM 
switch is determined by the programmer. If he has 

parity errors and provision for resetting the PARITY 
alarm light, he can specify the setting of the STOP ON 
PARITY ALARM/NORM switch to the NORM position. 
Otherwise, he can have the program halt at time of a 
parity error by specifying the setting of STOP ON 
PARITY ALARM. 

Manual Operating Procedures 

The option switches on the console permit the manual 
entry of instructions and data; the register indicators 
permit the display of the contents of memory and reg- 
isters. 



MANUAL LOAD AND EXECUTION OF INSTRUCTIONS. 
Any instruction that is meaningful to the GE-225 sys- 
tem can be manually loaded and executed as follows: 



1. Set the INSTR/WORD switch to INSTR. 



START. In the automatic mode, depressing the START 
pushbutton initiates action. After the operation begins, 
the program runs automatically and depressing the 
START switch again has no effect. In the manual mode, 
depressing the START switch causes the execution of 
one instruction or one word time, depending upon the 
setting of the INSTR/WORD switch. 



3. Toggle the RE SET A switch to clear the A register. 

4. Load the octal equivalent of the instruction into the 
A register. 

5. Depress the A to I switch. 
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6. Toggle the RESET A switch and load any necessary 
data into the A register. 

7. Depress the START switch. 

The central processor will execute the one instruction 
a^nd ha.lt. 

LOADDnG DATA ivIANUALLY. When data is to be 
loaded into memory, the followingprocedure is useful: 



1. Set the INSTR/WORD switch to INSTR. 

2. Set the AUTO/MANUAL switch to MANUAL. 

3. Toggle the RESET A switch. 



Load an STA instruction in the A register (Store 
A is an octal 0300000) with the memory address 
where the data is to be stored replacing the right- 
hand digits of the STA instruction. 



5. Depress the A to I switch. 

6. Toggle the RESET A switch. 

7. Load the octal equivalent of the data to be stored 
into the A register. 

8. Depress the START switch. 

Load additional words by repeating steps 3 through 8. 

EXTRACTING DATA FROM MEMORY. The contents of 
a given memory location can be displayed by following 
this procedure: 

1. Set the INSTR/WORD switch to INSTR. 

2. Set the AUTO/MANUAL switch to MANUAL. 

3. Toggle the RESET A switch, thus leaving an LDA 
instruction in the A register. 

4. Load the memory location of the information de- 
sired into bit positions 7 through 19 of the A 
register. 

5. Depress the A to I switch. 

6. Depress the START switch. 

The contents of the memory location specified in step 
4 now appear in the A register. 

Control Console Instruction 

This instruction permits operator intervention. It can 
be used in programs in which alternate paths of oper- 
ation are available. Job requirements may vary daily 
for one type of run, necessitating that the operator 
determine which path or leg of the program is to be 



followed. For example, one program path may be for 
card input and tape output, while the alternate path 
provides for both tape and printer output. 



RCS 



2500011 



Word Times: 2 



Each of the 20 console control switches for the A reg- 
ister is examined. If a switch is down (ON), a 1-bit is 
placed in the corresponding position of A; otherwise, 
the corresponding bit position of A will not be altered. 

Example: Read the control switches and modify the A 
register accordingly. Assume thatthe A register con- 
tains a BRU 0000 instruction and the control switches 
are set to 0001633c 
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Register Contents in Octal 
A 



Before execution; 
After execution: 



2600000 



2601633 



Comments: RCS is used to interrogate the control 
switches during processing. In most applications, the 
A register should be cleared to zero before RCS is 
executed. 

During AUTOMATIC operations, the A register 
switches on the console have no effect on the contents 
of the A register, except during the time that the RCS 
command is in the instruction register. At that time, 
each of the 20 console switches is examined. 



CONSOLE TYPEWRITER OPERATIONS 



The console typewriter, Figure 6-3, is primarily an 
output device, which is normally located on the control 
console desk. It can be used to provide brief messages 
to the operator during program processing, or it can 
serve as a more extensive output medium in lieu of a 
high-speed printer. 

The typewriter receives and types one character at a 
time from the N register. The sixposition N register, 
in turn, is loaded with one character at a time from the 
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economy in the assignmentof operation codes; the code 
2500006g is used for type, read paper tape, and write 
(punch) paper tape. 



Figure 6-3. Console Typewriter 

A register. The typewriter can print ten characters 
per second under program control. Typewriter capa- 
bilities include: 

Red printout 

Black printout 

Print characters through 9, A through Z, minus, 

period, slash, dollar sign, and comma 
Carriage return 
Spa OP 

-r ■.u-.-.^ .. (-^ - _. 

1 CL L/UltttlUli 

Error messages are normally programmed to print in 
red. Figure 6-4 illustrates typewriter characters and 
actions and the corresponding octal codes. 

Messages produced through the console typewriter can 
serve as a log of program performance. For this pur- 
pose, the typewriter can be programmed to record 
program identification, list magnetic tape labels, and 
provide instructions to the GE -225 operator. Operator 
comments can be inserted manually whenever the GE- 
225 is in a halt status (AUTO or MANUAL). 

Required carriage returns must always be specified in 
the program. If returns are omitted, typing continues 
to the right margin stop; the carriage then halts, but 
typing continues, resulting in illegible messages. 
Typeouts involving tabulation require manual inter- 
vention. The operator must manually set required tab 
stops before running the program. 

The typewriter shares access to memory through the N 

iracri ai-ay lt,l*-K +VlO v^iov^f^-y. *-ov^/-^ vryn Ar-,v nn^ «^.iMnU rriu,.rt 

if the N register is engaged because of a type oper- 
ation, paper tape read or punch operations must be 
delayed until the N register is released. Also, 
electrical power can be on for only one of these three 
units at one time; if power is on_ for the paper tape 
reader, for example, then power is off_for the paper 
tape punch and the typewriter. This permits an 



Typewriter 
Character 
or Action 


1 

2 
q 

4 
5 
6 
7 
8 
9 
A 
B 

C 
D 

E 
F 
G 
H 
I 
J 
K 



N 
O 
P 
Q 
R 
S 
T 
U 
V 

w 

X 
Y 
Z 



Space 



Carriage 
Return 
Print Red 
Print Black 
Tab 



Octal 

^uivale 

of BCD Codes 

00 
01 
02 
03 
04 
05 
06 
07 
10 
11 
21 
22 

23 

24 
25 
26 
27 
30 
31 
41 
42 
43 

A A 
11 

45 
46 
47 
50 
51 
62 
63 
64 
65 
66 
67 
70 
71 
40 
60 
13 
33 
53 

37 
72 

75 
76 



Figure 6-4. Typewriter Character Set 

Programmed use of the typewriter requires that the 
typewriter power on switch (under the right front 
corner of the typewriter) be turned on manually. In 
addition, at least 200 milliseconds before the first 
character is to be typed, a typewriter on instruction 
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must be given; the unit will remain on until a subse- 
quent instruction (such as OFF, RON, or PON) turns 
off t:/pewriter power. 

Next, the N register must be tested for a ready status; 
if ready, then a shift to move the character to be typed 
mto me SS regisier may ue given, luiiuwcu uy a. i xi 
command. This sequence of test, shift, and type must 
be repeated for each character to be typed. 

An optional feature enables the typewriter to be used as 
an input device, in addition to the described output 
function. The input feature enables one BCD character, 
as selected by a typewriter key, to be placed in the N 
register. The character can then be shifted into the A 
register for subsequent processing as desired. 

The input feature is enabled by the operation code 
2500016q, which also serves as the halt paper tape 
(HPT) instruction. Normally, HPT has meaning only 
when the paper tape reader is on and is moving tape. 
Because typewriter andpaper tape reader cannot oper- 
ate concurrently, there is no disadvantage to dual use 
of the 2500016g code. 

To use the optional typewriter input feature, the type- 
writer must be ON. Issuing a HPT instruction enables 
the typewriter keyboard and causes the N register to 
become not ready. Depressing a typewriter key places 
the corresponding BCD character into the N register 
and returns the register to the ready state. 

Typewriter Instructions 



TYP 



2500006 



Word Times: 2 



Functional Description: TYPE. If typewriter power is 
on, one BCD (six-bit) character in the N register is 
typed. The contents of N are unchanged. 

Example: Examples of all typewriter instructions are 
provided in the coding sample following the last 
discussed tjrpewriter instruction. 

Comments: Execution of a TYP instruction does not 
affect the contents of any arithmetic register. 

The TYP instruction is normally preceded by a shift 
of data into the Nregisterfrom the A register, as well 
as by a test-and-branch (BNR or BNN). 

The N register becomes busy during the execution of 
TYP and remains busy until typing of the character is 
completed. 

No typewriter keys are activated when an attempt is 
made to type an illegal character (that is, a character 
not included in the typewriter character set as shown 
in Figure 6-4); in addition, the N register goes busy 



and must be cleared by manually typing a character or 
depressing the space bar. 

Central processor operation is not delayedby the exe- 
cution of a TYP. The next sequential instruction is 
initiated in the following word time, although typing may 

nut DC CUlliiJlCtCta lUl. OeVCAO.! ITlLLLLiS^KjWLl^^- 

The TYP instruction is used to control typewriter 
action other than typing. If the N register contains one 
of the following codes, the indicated actions occur: 



N Register 

Contents (Octal) 

60 
76 
37 
72 
75 



Action 

Space 

Tab 

Carriage Return 

Print Red 

Print Black 



TON 



2500007 



Word Times; 2 



Functional Description: TYPEWRITERON. The type- 
writer power is turned on (if the typewriter power on 
switch is on) and power for the paper tape reader- 
punch is turned off. 

Example: Examples of all typewriter instructions are 
provided in the coding sample following the last 
discussed typewriter instruction. 

Comments: To allow the typewriter motor sufficient 
time to attain operation speed after a TON, a delay of 
at least 200 milliseconds should beprogrammedbefore 
executing a TYP instruction. However, if the TON is 
given within 1 millisecond after turning off the type- 
writer (with a programmed OFF, RON, or PON), no 
delay is required. 

Unless the typewriter power is already ON, failure | 
to program a TON instruction before TYP will cause I 
the N register to become and remain not ready. I 



OFF 



2500005 



Word Times: 2 



Functional Description: POWER OFF. The power 
supply for the tjrpewriter and paper tape reader and 
punch is turned off. 

Example: Examples of all typewriter instructions are 
provided in the coding sample following the last dis- 
cussed typewriter instruction. 

Qomments: After an OFF is executed, subsequent TON, 
RON, or PON instructions will restore power on to the 
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respective units. If power is on for any one of the 
units (typewriter, paper tape reader, or paper tape 
punch), it is off for the other two. 



paper tape instruction has been completely executed), 
then the next sequential Instruction is executed. If the 
N register is not ready, the second sequentiallnstruc- 
tion is executed. 



BNN 



2516005 



Word Times: 2 



Functional Description: BRANCH ON N REGISTER 
NOT READY. If the N register is not available for in- 
put or output (that is, if a previous type, read paper 
tape, or write paper tape instruction has not been com- 
pletely executed), the next sequential instruction is 
executed. If the N register is ready, the second 
sequential instruction is executed. 

Example : Examples of all typewriter instructions are 
provided in the coding sample following the last dis- 
cussed typewriter instruction. 

Comments: The BNN instruction (or its counterpart, 
BNR) is used to insure that the N register is ready 
(not in use) before initiating a read or a punch paper 
tape operation, as well as before type operations. 



BNR 



2514005 



Word Times: 2 



Functional Description: BRANCH ON N REGISTER 
JIEADY. If theN register is available for input or out- 
put \that is, ii the last type, read paper tape, or write 



Example: Examples of all typewriter instructions are 

pAv^viueu 111 Lii^ uvjuAiig odiiipx^ xi.muwxii|^ uiio Anokxu\^tivn 

description. 



Comments: The BNR instruction (like its counterpart, 
BNN) is used to insure that the N register is ready 
before initiating a read or a punch paper t^e oper- 
ation, as well as before type operations. 

Typewriter Sample Coding 

Prepared output routines are available to assist the 
programmer in preparing coding for typewriter print- 
outs. These routines provide for single or multiple 
word output, red or black ribbon, punctuation, tabu- 
lation, and carriage returns. 



To illustrate the use of the various instructions related 

to typewriter operations, a simple example is shown 

;.-, TTi.Tw,-,-. c r. 



PROGRAMMER 


PROGRAM 


D*Tt 


or 


SymM 


Opr 


Op*»nfl 


X 


KEMARKS 


S«qu*nc* 


.1 .! .1 "1 •! . 


• 1 • 1" 


■■l"l "p'l>-|"l"l" 


JO 


31 75 


'•l"l"l"l" 


PREP 


T ,0 N 






TYPEWRITER ON 






L , n . 7. 


















S.T.A 


1 . 








INITIALIZE X REGISTER 1 








I ,N .X 


1 , 
















B X, L 


1.58 


7 . . 




1 


LOOP FOR 200 MS 








B R. IT 


p .B t: 


P 4. .3 . 














L, D. Z 


















ST, A 


2 








INITULIZE X REGISTER 2 






T Y P E 


L. D, A 


TAX 








TYPEWRITER MESSAGE (3 CHARS.) 








S.R.D 


1.2 








SHIFT 2ND TWO CHARS. TO Q 








BNN 


















B, R. U 


* , - 1 








TEST N REGISTER 








S,A,N 


6 , 








MOVE CHAR. TO BE TYPED TO N 










T, Y.P 










TYPE CHARACTER 










S,L,D 


6 , , 








POSITION NEXT CHAR. IN A 










I N.X 


1 . . 






2 


COUNT CHARS. TYPED 










B, X. L 


3 , 






2 


IF LAST CHAR., EXIT 










B, R, U 


T ,Y ,P 


E .+ . 2 . 






LOOP TO TYPE NEXT CHAR. 








E, X . T , T . , 


I,, n. A 


R . E , T 


II . R , N ■ 






r.cmTATNfi nrTAi. 37 










B, N. N 




















B. H. V 


• . .1 








TEST N REGISTER 










S.A.N 


B. . 


















T. Y. P 










OCTAL 37 RETURNS CARRIAGE 










o, F. r 










TURNS OFF TYPEWRITER POWER 


















1 



Figure 6-5. Sample Typewriter Coding 
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As presented, the program assumes that a three-letter 
word to be typed is in symbolic location TAX and that 
an octal 37 (carriage return) is in location RETURN. 
Further, it is assumed that the manual power on 
switch on the typewriter has been turned on. 

Line 1 of the GAP Coding Sheet turns on the typewriter. 
Lines 2 through 6 contain coding that sets up X reg- 

the INX, BXL, BRU loop 1587 times to insure that at 
least 200 milliseconds (to allow the typewriter motor 
to reach operating speed) pass before a TYP is initi- 
ated. 



3. Reader, spooler 

4. Reader 

5. Punch 

The spooler has both a takeup spool and a spool for 

vcniTi riHirtnT tVio ■r\'3t-\£iT' fQY-»o -aft" or* nr\■mY\^ o + irin r\f f o Q H i n rr 

or punching. 



Lines 7 and 8 prepare X register 2 to operate as a 
character counter during the following TYP operation. 

The 3-character message (in BCD) is loaded into the A 
register (line 9) and then shifted right, 2 characters, 
into the Q register in order to position the first char- 
acter to be typed. 

Lines 11 and 12 test the N register for ready status. 
If it is not ready, the program loops until it is. Line 
13 shifts a character into the N register and it is typed 
(line 14). 

X register 2 is incremented to indicate that the first 
character has been typed (line 16), then tested to see 
if typing is complete. If it is not, the program loops 
back to line 11 and repeats the sequence until the 
entire word (3 characters) has been typed. 

Upon completion of typing, a carriage return (octal 37) 
is loaded into A (line 20), the N register tested (line 20) 
for ready, and (if ready) receives the return code. 
Line 23, TYP, causes the carriage to return, and the 
typewriter is turned off (line 24). 



PAPER TAPE OPERATIONS 

The GE-225 computer system can use perforatedpaper 
tape as an on-line Input and output medium. The reader 
and punch are housed in one cabinet and consist of a 
photoelectric reader, punch, and associated reader 
and punch control circuits. Options exist as to the 
combinations of paper tape equipment that can be used. 
These options are 

1. Reader, spooler, punch 

2. Reader, punch 



Paper Tape Reader 

The paper tape reader is an on-line device that is capa- 
ble of reading information from punched tape at two 
speeds: 1000 characters per second, at a tape speed 
of 100 inches per second, and 250 characters per 
second at a speed of 25 inches per second. At a 
reading speed of 1000 characters per second, the tape 
cannot be spooled and thus must be in strips, which 
normally do not exceed 10 to 15 feet in length. This 
speed, however, is excellent for loading programs 
from tape into memory. The tape operating speed is 
determined by a switch on the maintenance panel, 
Figure 6-6, at the rear of the cabinet. 



The GE-225 paper tape reader allows theuserto read 
any tape punched with standard character and sprocket 
hole spacing. While the GE-225 system uses primarily 
an 8-channel tape mode, the reader'sability to read 5, 
6, 7 and 8 channel formats assures maximum com- 
patibility with all common paper tape devices which 
use sprocket hole spacing for timing. A rotary switch 
on the reader maintenance panel, Figure 6-6, selects 
the channel tj^e to be read. The paper tape reader 
processes standard paper tape 0.004 inch thick with 
the width varying with the number of channels as shown 
by Figure 6-7. 



Paper Tape Punch 

The paper tape punch is an on-line output device that 
punches paper tape alphanumeric information at the 
rate of 110 characters per second (11 inches per 
second). Ten characters are punchedperinchof tape. 
The punch holds a roll of paper tape 8 inches in 
diameter, 800 feet long, and 0.004 inch thick. 



(m 



s ^ ^ 9. f, ?,^,f f 



•0^^ Jf^ . * 







Figure 6-6, Paper Tape Reader-Punch Maintenance Panel 



I 
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Channel 



CHANNEL^* 



PUNCHES 



5 4 S 3 2 1 

O O o o o o 



6 Channel 



6 5 4 S 3 2 1 

O O O o o o o 



16 



7 Channel 



7 6 5 4 S 3 2 1 

OOOOoOOO 



8 Channel 



7 6 5 4 S 3 2 1 



O 



Figure 6-7. Paper Tape Modes 



The GE-225 paper tape punch comes in two models: 

Model GA651C punches 6, 7 and 8 channel paper 
tape as selected by a switch on the maintenance 
panel. 

Model GA651D punches 5 channel tape only. 

Paper Tape Reading 

When a paper tape read instruction is given, tape 
reading is initiated under the control of the central 
processor paper tape reader control logic. Figure 
6-8. Information from tape is detected phoioelectri- 
cally when i^erforated taT?e >??is5e.s between 9 T:ihoto- 
cells, or photoread heads, ami a Ugiii source, Sevfu 
of the nine photoread heads monitor the tape infor- 
mation channels, or holes; one photocell monitors the 
parity channel; and one monitors the sprocket channel. 
How many information channels are used, and whether 
a parity hole is to be checked, depends on the tape 
mode, or format, to be read. 



As each frame of information holes and the sprocket 
hole (1 frame per character) passes under the photo- 
read heads, light is detected if a hole is punched in a 
channel. Once the leading edge of a sprocket hole is 
detected, the information punched is automatically 
placed into the N register of the central processor 
through the read gates and a mode selection switch. 
When the trailing edge of a sprocket hole is detected, 
this informs the central processor that a character 
has been loaded into the N register and is ready for 
transfer to the A register. At this point, an odd parity 
check (odd number of bits punched on tape) is made if 
seven or eight channel tape is being read. No parity is 
generated for live or six channel tape. Refer to Parity 

Frror Flptpnfion ^Vipln^v^ for ^^r\r\H^nr^^^ d^*'^ 



A read paper tape instruction initiates continuous 
reading of data from tape into the 6-bit N register until 
either a halt instruction is given or no more punched 
characters are detected. 



PAPER TAPE READER 



PAPER TAPE READER 
CONTROL LOGIC 



COMPUTER 



Photoread 
Heads 

1 Frame of 
Information 



Sprocket] 
"Hole 



[ 


A Register 








i 






PARITY 
LOGIC 


i >. 














i 


' 


1 


N Register 






MODE 

SELECTOR 

SWITCH 


1 


READ 
GATES 




1 


i 


I 




1 













Tape Movement 



Figure 6-8. Paper Tape Reader Control Logic 
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Data Transfer 

During a read operation, once the leading edge of 
a sprocket hole is detected by the photoread heads, 
the N register becomes not ready, and a tape char- 
acter begins filling the N register and continues filling 
i+ iivi+ii 4-ho tT>Qiiincr pdtyp nf the snrocket hole is 
detected. When a character from paper tape fills 
the N register, it must be shifted into the A register 
before the next character arrives. 

When reading is at the 250 cps rate, the N register is 
not busy for 2 milliseconds during which the N regis- 
ter must be emptied before the next character from 
paper tape enters the register. When tape is read at 
1,000 cps, the N register is not busy for 500 micro- 
seconds. 

In reading paper tape, the sprocket or feed hole serves 
as a timing source. A sprocket hole must be present 
with every tape character before the character can be 
transmitted to the N register. The relative bit po- 
sitions of a character on paper tape are unchanged 
when the character is read from tape into the N reg- 
ister and then shiftedintothe A register. The transfer 
of data to the N register and then to the A register is 
shown below: 



5 CHANNEL 

A Register 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



oioiiioiiioiTn 



! 



NI N2 N3 N4 N5 N6 






1 





1 





I 



N Register 




4 S 



o 



3 

O 



Channel No. 



Sprocket Hole 



When reading paper tape in the five channel mode, only 
five information channels (5,4,3,2 u.nd 1) are used in 
filling the N register. As shown, onlv N register bit 
positions 2 through 6 are used; bit position 1 is never 
filled. Note also that there is no parity bit channel on 
five channel tape. 



VALID AND INVALID CODES. All code combinations 
are recognized in five channel tapes. The presence 
of a punch in the sprocket hole channel only, such as 
for tape leader or trailer strips, is recognized as a 
valid character and all zeros are transferred to the N 
register. 

One significant difference in using five channel tape is 

4-t-.<-t'l- KtU^n +-l-.v««-i^ 4-'-iv-k/-\ /^ Vi Q T« n /1 4- CI V e? Vin ttq V\q i^v* +--**r» *i of Q -i^vqH 

men. WliCll Llll CC LO-pt t^AiciJ. M-V l.^^ X U ilCt V V Wl-J ^--ll VA M.J,lfcJJ.V,4. X "^v* 

into the N register and then shifted into the A register, 
bit positions 2, 8 and 14 of the A register contain 
zeros: 

A Register 

1 2 3< ^7 8 9* >13 14 15-« 3^19 









3rd Tape 
Character 





2nd Tape 
Character 





1st Tape 
Character 



This is true because when a character is read into the 
N register, only bit positions 2 through 6 contain data; 
bit position 1 automatically is filled with a zero. As a 
result, when an SNA 6 instruction shifts N into A, all 
six bits are shifted, including the zero. When tape 
information is then converted into internal BCD code 
and stored in memory, each of the three BCD char- 
acters will occupy 6 bitpositions in the normal manner. 



6 CHANNEL 

A Register 
1 23456789 10 11 12 13 14 15 16 17 18 19 






10 110 


1 





























Nl N2 N3 N4 N5 N6 




N Register 



Channel No. 



Sprocket Hole 



When six channel paper tape is read, all six infor- 
mation channels from tape enter the N register as 
shown above. There is no parity bit channel in six 



m 
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channel tape. All channels are used as information 
channels when data enters the N register. 

VALID AND INVALID CODES. All code combinations 
are recognized in six channel tapes. The presence of 
a punch in the sprocket hole channel only, such as for 
tape leader or trailer strips, is recognized as a valid 
character and all zeros are transferred to the N reg- 
ister. 

Shifting from the N register intothe A register occurs 
as siiown below. 



1 2^ 



A Register 
->7 8< >13 14< >19 









3rd Tape 
Character 


2nd Tape 
Character 


1st Tape 
Character 



7 CHANNEL 



The bit patterns of information punched on seven and 
eight channel tapes are identical. The only difference 
between the two tapes is that a punch in channel 8 of 
eight channel tape causes all ones to be inserted into 
the N register. 



8 CHANNEL 
Nl N2 N3 N4 No N6 <- 



-N Register 




Channel No. 



Sprocket Hole 



A Register 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

I — I — i — r^ 1 — I 1 — r- 



I Itlol-il f InU I I II I I I I 



I I I I I 
I I i I I 



Nl N2 N3 N4 N5 N6 -e- 



1 





1 


1 





1 




7654S321 
O 



tl 



o O O 



Sprocket Hole 



■ N Register 



Channel No. 
Parity Channel 



A puncn in cnannei 
nari+v prrf^r r.hpfV- 



8 inhibits the setting of the tape 



la checKeu on each cnaracter loaded into the N reg- 
ister. Because the N register is loaded with six 1-bits, 
when a punch appears in channel 8, the parity bit is 
incorrect. Therefore, a parity error would occur if no 
provisions were made to inhibit it. 

VALID AND INVALID CODES. In eight channel tape, a 
punch in channel 8 only is a special character and is 
valid. In both seven and eight channel modes, a punch 
in all channels (1 through 7) is a delete code and is not 
transmitted to the central processor as a valid char- 
acter. 



1 2- 



A Register 
-^7 8« 



-^13 14<!- 



-^19 







3rd Tape 
Character 


2nd Tape 
Character 


1st Tape 
Character 



Seven channel tape contains six information channels 

(1,2,3,4,6 and 7) and a parity channel (5). Tape feed 
and timing utilizes the sprocket holes. When a seven 
channel tape is read, bits are transferred into the N 
register and occupy the bit positions shown. Note that 
channel 5 is used only for a parity check and is not 
transferred into the N register. 



OfiTrfkn on/4 l^i rrK4- nUnHM/sl 4-n«A nU n -ma ^4. ^ ..^ ^UIXJ 1 X 

i^t^T^ii cuAu %^AgiiL ^ixcLiinc;^ Ld-p^ ^110.^ d-i; LCI D snilLcQ ll'UlIi 

the N register into the A register are shown. 

If the photoreader detects either a delete code or 
sprocket holes only when operating in either the 7 or 8 
channel mode, the N register goes busy, preventing 
transfer of data to the A register. The N register re- 
mains busy until a legitimate character is detected. 
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Even though paper tape reading involves the N and A 
registers, other operations utilizing these registers 
can be performed by inserting them between N- regis- 
ter transfers by proper programming. However, 
during this time, instructions not requiring use of 
these registers can be performed by the central 
processor. 

Upper Case (Letter Shift) 
Lower Case (Figure Shift) 



Code Conversions 

Some of the code configurations punched on paper tape 
do not correspond to the internal GE-225 BCD con- 
figuration. Conversion of bits into BCD and the ar- 
rangement of characters (6 bits each) into GE-225 





Tape Character 


Memory Character 


Memory Code 1 


Tape Code 


LC 


UC 


LC 


UP 


LC 


UC 




Tape 


Tape 










00 


Feed 


Feed 








52 


52 


01 


5 


T 


5 


T 


05 


63 


02 


Car. Ret. 


Car. Ret. 






37 


37 


03 


9 


O 


9 





11 


46 


04 


Space 


Space 


A 


A 


60 


60 


05 


£, 


H 


# 


H 


13 


30 


06 




N 


J 


N 


73 


45 


07 


Line 


M 
Line 




M 


33 


44 


10 


Feed 


Feed 


5 





32 


32 


11 


) 


L 


: 


L 


76 


43 


12 


4 


R 


4 


R 


04 


51 


13 


& 


G 


@ 


G 


14 


27 


14 


8 


I 


8 


6 


10 


31 


15 





P 





p 


00 


47 


16 


. 


C 


= 


c 


16 


23 


17 




V 




V 


15 


65 


20 


3 


E 


3 


E 


03 


25 


21 


»t 


Z 


+ 


z 


20 


71 


22 


$ 


D 


$ 


D 


53 


24 


23 


? 


B 


_ 


B 


74 


22 


24 


Bell 


S 


EOF 


S 


17 


62 


25 


6 


Y 


6 


Y 


06 


70 


26 


! 


F 


/ 


F 


61 


26 


27 


1 


X 


1 


X 


01 


67 


30 


_ 


A 


- 


A 


40 


21 


31 


2 


W 


2 


W 


02 


66 


32 


1 
Figure 


J 
Figure 


+ 


J 


54 


41 


33 


Shift 


Shift 






36 


36 


34 


7 


U 


7 


U 


07 


64 


35 


D 


Q 


W 


Q 


34 


50 


afi 


( 
Letter 


K 

Letter 


C 


K 


75 


42 


37 


Shift 


Shift 






35 


35 



Upper Case and Lower Case 



a. 



b. 



The use of upper and lower case in some tape 
codes effectively doubles the number of tape code 
characters which may be used. 



The convention employed in read is such that: 

Figure 6-9. 5- Channel Tape Code to Memory Code 



(1) Once an upper case code is read all succeeding 
codes will be translated as upper case codes 
until a lower case code is read. 

(2) Once a lower case code is read all succeeding 
codes will be translated as lower case codes 
until an upper case code is read. 



(i 
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00 
01 
02 
'^3 
04 
05 
06 



Upper Case 
Lower Case 



Memory 
Code 


Memory 
Character 


Tape 
Character 


Tape 
Code 



20 
01 
02 

04 
05 
06 



11 
12 
13 
14 
15 
16 
17 
20 
21 
22 
23 
24 
25 
26 
27 
30 
31 
32 
33 
34 
35 
36 



EOF 

A 
B 
C 
D 
E 
F 
G 
H 
I 



in 



A 
B 
C 
D 
E 
F 
G 
H 
I 



11 



13 

14 



60 

61 
62 
63 

64 



67 
70 
71 

73 

74 



40 
41 
42 
43 
44 
45 
46 
47 
50 
51 
52 
53 
54 
55 
56 
57 
60 
61 
62 
63 
64 
65 
66 
67 
70 
71 
72 
73 
74 
75 
76 

77 



J 
K 
L 
M 
N 
O 
P 
Q 
R 



A 

/ 

B 
C 
D 
E 
F 
G 
H 
I 



J 
K 
L 
M 
N 
O 
P 
Q 

R 



Delete 



Space 

/ 
B 
C 
D 
E 
F 
G 
H 
I 



W 



Carriage 
Return 



40 
41 
42 
43 
44 
45 
46 
47 
50 
51 

53 
54 



00 
21 
22 
23 
24 
25 
26 
27 
30 
31 

33 
34 



37 



Figure 6-10. Memory Code to 8-Channel Tape Code 
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words is done underprogram control. This conversion 
and arrangement can be accomplished by standard 
paper tape input-output routines. In addition, these 
routines can convert paper tape coded characters into 
internal BCD configurations so that when the infor- 
mation in the A register is stored in memory, it is 
ready tor processing. Subroutines contain conversion 
tables that modif'^^ the characters as shown b'^^Pi'^jre^ 
6-9 and 6-10. Refer to the GE-225 utility routines for 
additional information on using these routines. 



BINARY ROUTINES. Routines also are available that 
will transfer information from paper tape into memory 
in binary. Each paper tape word consists of 7 octal 
characters and is stored in a memory word as shown 
below. The tape read can be 5,6, 7or 8 channel. Refer 
to the paper tape binary routines for additional infor- 
mation as to their proper use. 



N register. The paper tape reader detection logic 

senses the contents of the N register after each char- 
acter has been read and an even pattern of bits in the 
N register indicates that an extra (odd) parity bit should 
have existed on the paper tape for the character read. 



If the N register contains an even number of bits and 
there is no parity bit on tape, the PARITY light on the 
computer control console is turned ON. Conversely, 
if the N contains an odd number of bits and a parity 
bit is present on tape, the PARITY light on the control 
console is again turned ON. The test for a paper tape 
parity error condition is made by executing a branch 
on parity error (BPE) or branch on parity correct 
(BPC) instruction. 



Paper Tape Reader Instructions 



Octal Characters 



Channel 
No. 




1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 
GE-225 Word 

Parity Error Detection 



The GE-225 paper tape system uses an odd parity bit 
configuration for checking data on seven and eight 
channel tape. No parity bit is punched for five and six 
channel paper tape. 



When data is read from seven or eight channel tape, 
each character is checked for parity, as indicated by 
channel 5. If present, the parity bit does not enter the 



RON 



2500014 



Word Times: 2 



Functional Description: PAPER TAPE READER ON, 
The power for the paper tape reader is turned ON. 
This instruction automatically turns OFF the power for 
the paper tape punch and typewriter, because the type- 
writer, paper tape reader, and paper tape punch share 
a common power supply and only one of the three units 
can be ON at any one time. 

The RON instruction automatically clears the N reg- 
ister of any character that may have been left there 
from a previous punching or typing operation. 



RPT 



2500006 



Word Times: 2 



Functional Description: READ PAPER TAPE. The 
RPT instruction initiates the continuous reading of 
characters from paper tape. During the execution cycle 
of this instruction, a sprocket or feed hole must be 
present with every character before that character can 
be transmitted to the N register. 



Example: Turn the paper tape reader on and a pro- 
gram delay of 200 milliseconds. 



GAP Coding: 



Op. OvT,^ 


X \ RIMAMl l«|»m. | 




"i l",..|.. 




S ON 




i TTON PAPER TAPE READER ON 


10 




ZERO 


2 i ZERO INDEX WORD 2 


2 


I ,N X 


1 


= 1 


SO 


B X L 


1 « • 1 


2 ! DELAY TOO 1C8 


. .4 


B B U 


• - a 




i 


L D I 


ZERO Is' ZERO INDEX WORD S 


6 




, , 1 ! 
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Comments: When an RPT instruction is executed, 
assuming that the paper tape readerpowerisON, then 
the N register is cleared and characters begin reading 
into the N register until a halt paper tape (HPT) in- 
s true Lion is given. 

FlH rV*^iN lliaUl UULlUil IIIUOL UC given Clliia a. \A^i.a.y x-^x tjw 

milliseconds must be programmed before the first RPT 
instruction can be executed. This delay is necessary 
to allow time for the photo sensor lamp to reach full 

before additional RPT instructions are executed, pro- 
vided that the power is not turned OFF by either an 
OFF instruction or by a power ON instruction for the 
typewriter (TON) or paper tape punch (PON). 



HPT 



2500016 



Word Times: 2 



Functional Description: HALT PAPER TAPE READER, 
This instruction halts the paper tape reader and ter- 
minates the read paper tape (RPT) operation. 

Example: Assume reader power is on and reader 
j.p.,-1., Read paper tape at 250cps and move character 
into A register. Stop reader when A register is full. 
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executing a test for N register ready allowing time for 
the tape character to enter N register. 

Paper Tape Punching 

By executing a write paper tape instruction, one BCD 
character from the 6-bit N re^'ister is munched on ta^^e 
in the mode previously set. Punching is executed under 
the control of the central processor paper tape control 
logic. Assuming that the power for the tape punch has 
been turned on, a punch instruction punches one char- 
acter from the N register, advances the tape forward 
one frame, and halts the punch unit. A punch instruc- 
tion is required for punching each tape character, 
regardless of what tape mode has been selected. 

Before a character can be punched, it must have been 
previously shifted into the N register from the A reg- 
ister. As shown, a sprocket hole is also punched for 
each character punched. This hole serves as a timing 
source when punched information is read from tape. 
Actual punching of information into tape is performed 
by a set of 9 punching dies. The seven possible infor- 
mation channel punches and the parity channel punch 
(if required) are activated by punching magnets. The 
sprocket hole punch is actuated mechanically as each 
frame is punched. 

An odd parity bit is punched in channel 5 when punching 

LtXpC All ^-ACilV J. (.iH_. »JV^ * Iwll '_» i V^i.^l*C v.l.*t^.4.il.i.v- i *i*^^>..>- . i i 

parity bit is never punched lor live ana six cnannei 
modes. 

The paper tape punch mechanism punches any char- 
acter placed in theNregisterby the central processor. 
Also, through a set of six simulator switches provided 
on the punch unit (reader unit), any configuration can 
be manually placed in the N register and punched inde- 
pendently of the central processor. 



Comments: When paper tape is halted by a halt in- 
struction, the tape stops before the next succeeding 
character is read, if reading is being done at 250 char- 
acters per second. When reading at 1,000 characters 
per second, it is possible for two characters to pass 
under the read photocells after a halt instruction is 
given. During continuous start-stop cycling of the 
paper tape reader, a delay of 50 milliseconds is re- 
quired between a halt and a read paper tape instruction. 
A delay of less than 50 milliseconds causes erratic 
stop distances. 

Once an HPT instruction is given, a TON, PON, or OFF 
instruction cannot be given for at least 1 millisecond. 
This delay is necessary to allow the tape time to stop 
before turning reader power off. 

In reading paper tape, it is best not to execute an RPT 
and immediately follow it with a halt (HPT) instruction 
as a parity error may be generated. Instead, delay by 
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It takes approximately one millisecond to punch a 
single tape character. Therefore, other instructions 
not requiring the useof the N register may be executed 
during this time. 



Paper Tape Punch Data Transfer 

The punch unit punches any bit pattern placed in the N 
register from the A register by a shift instruction. 
The same holds true for any bit pattern placed in N 
manually by the six simulator switches. Each bit po- 
sition of a character in the A register is unchanged 
when shifted into the N register and punched on paper 
tape. In each shift, the most and least significant bit 
positions remain the same as shown in the example 
above. 

As shown, the relative bit positions (most and least 
significant) of the character remain the same when 
shifted from A into N and then punched into tape. Note 
that the character in 8 channel code has an odd number 
of 1-bits; therefore, when it is shifted into the N 
register and checked for odd parity, an extra parity 
bit must be punched in channel 5. 

The bit patterns for information punched from the N 
register into tape in 5,6,7 and 8 channel modes is 
exactly the same as shown in the examples for the 
paper tape reader in Figure 6-7. 



Valid and Invalid Codes 

EIGHT CHANNEL TAPE. Whenpunching eight channel 
tape, a character of all 1-bits in the N register is 
treated by the paper tape punch control logic as a 
special character and causes a punch in channel 8 
only. Therefore, a bit pattern of punches in all 
channels 1 through 7 is not a valid character. 

SEVEN CHANNEL TAPE. All 1-bits in the N register 
is an invalid code in seven channel mode and punches 
a sprocket hole only. 

SIX CHANNEL TAPE. Because of the absence of the 
special character in six channel tape, all 1-bits in the 
N register is an invalid code and only a sprocket hole 
is punched. 

FIVE CHANNEL TAPE. All possible bit patterns can 
be punched on five channel tape. No parity bit is 
punched. If all zeros are in the N register (no char- 
acter), then only a sprocket hole is punched. 



standard paper tape input-output routines. These rou- 
tines, which also contain conversion tables, are similar 
to those described in the paper tape reader section. 

Parity Error Detection 

Error checking for the paper tape punch is an odd 
parity check. This means that each character punched 
on tape must have an odd number of holes or bits. 
Before the punch operation actually occurs, the 1 bits 
in the N register are checked for odd parity by the 
paper tape punch parity logic. If parity is even, a 
parity bit is generated according to the mode to be 
punched (no parity is punched for 5or6 channel tape). 
The mode is sensed by the parity logic from the mode 
selector switch setting. Simultaneously, the 9 punching 
dies are energized to reflect the bit pattern in the N 
register. These pulses travel through the punch gates 
and the mode selector switch, which activates the 
punching of channels according to the mode selected. 
After a frame is punched, the tape advances one frame 
and the punch mechanism halts until another punch in- 
struction is executed. 



PON 
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Word Times: 2 



Functional Description: PUNCH ON. The power for the 
paper tape punch is turned ON and the power for the 
paper tape reader and typewriter is turned OFF. 

Example: Turn on the paper tape punch and program a 
delay of 500 milliseconds. 



GAP Coding: 
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Comments: After a PON instruction, a delay of 500 
milliseconds must be programmed before executing a 
write paper tape (WPT) instruction. This delay is 
necessary to allow the punch motor time to reach full 
operating speed, since the typewriter, paper tape 
reader and paper tape punch share a common power 
.supply and only one of the three units can be ON at any 
one time. 



Data Conversion 

The conversion of internal BCD information to the code 
configuration to be placed in the N register for punching 
is performed in the central processor under program 
control. This conversion can be accomplished by 



WPT 
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Word Times: 2 



Functional Description: WRITE PAPER TAPE. If the 
power for the paper tape punch is ON, whatever char- 
acter is in the N register is punched. The contents of 
N are unchanged. 
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Example: Assume the punch is ready. Punch 3 char- 
acters contained in A register. 

GAP Coding: 
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Comments: This instruction has meaning only when the 
power to the paper tape punch is turned ON. A punch 
power ON (PON) instruction must be given 500 milli- 
seconds before a WPT instruction can be executed. Due 
to the nature of punch logic, it is necessary that a WPT 
instruction be executed for each character to be 
punched. A WPT instruction punches one character 
from the N register, feeds the tape forward one frame, 
and terminates the instruction. Upon the completion of 
a punch operation, the N register becomes 'ready', 
allowing the next character to be shifted from the A 
register into N. 



Punch Paper Tape Binary 

Through the use of programmed routine data can be 

^..*.riV<-'^ f^r^*^ ,vi r- *-^ r> ^TT ov<+r* -rtoi-tpr f5ipA in VtinQT'i' form 

Each word is m memory m binary andpunched on tape 
in the form of 7 octal digits in either 5,6,7 or 8 channel. 



Example: 
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GE-225 Word 



CARD READER OPERATIONS 
General 

Punched cards are a commonly used media for record- 

intr HafQ fnr nmppQcinor Hppaii«p nf thpi r vf^rsatllitv and 

the availability of card processing equipment, suclias 
iroTr "unches verifiers sorters and dui^licators. 
Cards can readily be used as the input medium in 
electronic information processing systems where input 
volume is small enough for economical operation. 

Advantages of punched cards include: easy error de- 
tection and correction, rapid preparation of input data 
(using one or several key punches), ready manual 
access to records, easy separation and rearrangement 
(using sorters and collators), and flexibility of re- 
cording modes. 

The standard punched card (Figure 6-11) is 7-3/8 by 
3-1/4 inches cut from 0.009 inch paper card stock. 
For data representation, the card is divided into 80 
vertical columns along the long dimension and 12 hori- 
zontal rows along the short dimension. Data is re- 
corded by punching rectangular holes in these columns 
and rows. The interpretation of the holes into meaning- 
ful data is a function of both the card reading equipment 
and the recording mode or format. 



Card Readers 

Either of two card readers is available with the GE- 
225 system. 

400 CPM CARD READER. This card reader is ex- 
tremely compact and is designed to sit on the control 
console desk. Its speed is 400 cardsper minute when 
reading continuously into alternating input areas in 
core storage. The maximum speed, when feeding a 
single card at a time under program control, is 360 
cards per minute. Checks provided include input 
hopper empty, output hopper full, and misfeed indica- 
tions; in each case, the card reader halts and the Card 
Reader Alarm indicator is turned on. Also, pro- 
grammed tests can be made to insure thatproper read 
synchronization was achieved, that is, each card 
column was read once and only once. The synchroniza- 
tion word, which is generated for each card read, is 
discussed later in the section. 

Card reading is serially, by column, in one of three 
formats: decimal or standard (Hollerith) card code, 



The card reader is connected directly to the central 
processor, which contains the card reader control 
logic, through priority interrupt channel 1, thus per- 
mitting card reading to proceed simultaneously with 
other peripheral input-output and central processor 
operations. 
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Figure 6-11. Standard Punched Card 
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Figure 6-12. 400 CPM Card Reader Mechanism 
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Basic components of the card reader include an input 
hopper, a card feed mechanism, a reading station, and 
an output hopper or stacker. During normal operation, 
the card reader operates under control of the card 
reader control logic contained in the central processor 
to move cards from the input hopper, pasta row of 12 
read ^Photosensors ^the read station^ and into the out- 
put hopper. Figure 6-12 shows schematically the 400 
c^m card reader mechanism. 

As a card passes the read station, it is read, a column 
at a time, into a card reader buffer and decoded (if re- 
quired by the operating mode) and then transferred to 
core storage through the M register. The reading and 
transfer rates are governed by the timing circuits in 
the card reader rather than the central processor. 
After a column is read into the card reader buffer, the 
card reader logic demands access to core storage. The 
next full memory cycle is made available to transfer 
the card reader buffer contents to memory before the 
next card column reaches the read photosensors. 

At 400 cards per minute, card columns are read at the 
rate of one column every 1875 microseconds. Thus, 
there is approximately 103 word times available for 
other processing and memory access between reading 
of adjacent card columns. During continuous read 
operations, the card reader uses only 1% of the avail- 
able central processor time, leaving the other 99% 
available for other input-output or central processor 
otyPratlriTis 

HIGH-SPEED CARD READER. For applications in- 
volving large amounts of card input, the high-speed 
card reader provides card reading at 1500 cards per 
minute continuously and up to 850 cards per minute 
under program-controlled demand. 



Mechanical operation is similar to that of the 400 cpm 
card reader. The high-speed card reader has a 2000- 
card capacity input hopper, a card feed mechanism, a 
read station, and a 2000-card capacity output stacker. 
Card reader control logic is contained in the central 
processor. 

The hi£^-speed card reader fs connected to priority 
interrupt channel one. Card reading can occur simul- 
taneously with other peripheral input-output and cen- 
tral processor operations. 

At 1500 cards per minute, card columns are read at 
the rate of one column every 500 microseconds. Thus, 
there is approximately 27 word times available for 
other processing and memory access between readings 
of adjacent card columns. During continuous read 
operations, the high-speed card reader uses only 
3-3/4% of the available central processor time. 

During reading, cards are moved from the input hopper, 
past the reading station, and into the output stacker, 
under central processor control. Unlike that of the 400 
cpm card reader, the reading station for the 1500 cpm 
reader consists of 12 photo cells, one'for each card 
row, OR'ed together to simultaneously read each 
row. A punched hole is accepted as containing a 
punch if sensed by either or both solar cells, thereby 
reducing intermittent read errors. Additional checking 
includes: feed hopper empty, misfeed check, stacker 
full, end of filt, a.nabynchronization checks. Cards are 
read in one of three modes- decimal or stanHard card 

nn^f^ 10^-».r,Tt' l-ii.-r!^T- '^.^■4 to .,-„. T...' . ._ - , .;j 

card code during decimal mode operation causes bit 17 
of a synchronization word to be set to zero. The syn- 
chronization word, which is generated for each card 
read, is discussed later in this section. 
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Data Formats 

Both the 400 cpm and the high-speed card readers can 
accept cards punched in three formats, one format at 
a time, depending upon the reading mode selected: 



MODE 

Decimal 
Binary 
Special Binary 



CARD FORMAT 

Standard Hollerith 
10-Row Binary 
12-Row Binary 



STANDARD HOLLERITH. Standard format cards can 
be read and punched by GE-225 card equipment while 
operating in the decimal mode. In this mode, the alpha- 
numeric data in each card column is converted from 
Hollerith code into a 6 -bit character as the card is 
read into memory. 

Hollerith code uses all twelve vertical rows of each 
card column to represent one numeric, alphabetic, or 
special character. The twelve rows are divided into 
two areas, zone and numeric. The zone area consists 
of rows 12, 11, andO; rowsOthrough 9 are the numeric 
area. Row is common to both zone and numeric 
areas. Figure 6-14 shows the Hollerith code char- 
acters accepted by the GE-225 through the card 
readers. 



Numeric characters are represented by a single punch 
per column. Alphabetics are represented by two 
punches per column, a zone punch and a numeric punch. 
Special characters consist of either two or three 
punches per column. 

Because Hollerith code characters are converted toe- 
bit BCD by the card reader, three characters are 
required to fill aGE-225 word; thus three card columns 
equal one word. One card can contain 27 data words. 
Figure 6-15 shows how card data appears when read 
into memory. 

Note that bit positions and 1 of the word are not re- 
quired for data and are normally set to zero. Data 
punched in Hollerith can fill up to 27 consecutive GE- 
225 words. However, the twenty-seventh word is not 
completely filled because it contains card columns 79 
and 80 onlv. This GE-225 word wouldappear as shown 
in Figure 6-16. 

There is no data available for word number 27, bit 
positions 14 to 19, because there is no column 81 on a 
card. In view of this, the computer automatically gen- 
erates a blank for the unused area. Note that the 
sample word contains a blank (octal 60) in bit positions 
14 through 19. 

Figure 6-17 illustrates the GE-225 character set, the 
equivalent Hollerith code, and the octal equivalent of 
each character as it is stored in memory in BCD mode. 
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Figure 6-14. Standard or Hollerith Punched Card 
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Figure 6-15. Memory Equivalent of Card Data 
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Figure 6-16. Memory Equivalent of Word 27 
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* Note: The 400 cpm card reader reads all punch con- 
figurations, thus no punch configuration is illegal. For 
example, an 11-0 and an 11-2-8 are read as an octal 
52. The configuration 12-0 and 12-2-8 are detected as 



an octal 32. The GE High Speed Reader treats these 
punch combinations 11-2-8 and 12-2-8 as invalid char- 
acters. The card punch interprets an octal 52 as an 
11-0 and a 32 as a 12-0. 



Figure 6-17. Hollerith Punched Card Code for GE-225 
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Figure 6-18. 10-Row Binary Data Representation 
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10-ROW BINARY. The GE-225 card readers canpro- 
cess information punched in the 10-row binary format. 
Figure 6-18 shows a 10-row binary card as produced 
by the GE-225 General Assembly Program. In this 
card, data is punched so that each row position in a 
column represents a binary bit. A punched hole is a 
binary 1 and no punch is a binary 0. Only rows 
through 9 are used in 10-row binary. Because each 
row position of each column is a binary bit, two 
columns of alO-rowbinary card (20 binary characters) 
fill a GE-225 word. For example, columns 1 and 2 of 
the card in Figure 6-18 fill aGE-225word as follows: 
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Octal 



Data for a maximum of 40 consecutive GE-225 words 
can be punched on one 10-row binary card. 

i2-ROW BINARY. In the 12- row binary mode, all 
twelve punching positions of the card columns are 
sensed by the card reader. As in 10-row binary, a 
punch indicates a binary 1 and no punch is a binary 0. 
Figure 6-19 is a 12- row binary card. The binary 
information is placed in the 12 least significant bits of 
a GE-225 word. The balance of the GE-225 word re- 
ceives no information and remains blank. The infor- 
mation on a 12- row binary card can thus fill a maxi- 
mum of 80 successive GE-225 words. The bit 
configuration of each column is placed in memory as 
shown in Figure 6-20. 

Note that bit positions through 7 do not contain data 
and are automatically set to zero. Note also that three 
GE-225 words together form the equivalent of a 36-bit 
binary word, a data form frequently encountered in 
other data processing equipment. 



Card Reader Instructions 

Two card reader models are available for the GE-225, 
with certain basic operations and instructions common 

to the two units. 

The GE-225 card reader is an on-line device that reads 
^^^lr,r^hc.r^ r-qr-ds by a photopipotri c mpchanism In 3 modp 
selected by the read instruction. Controlled by a unit 
in the central processor, the card reader transfers 
information into memory via the M register. Because 
the GE-225 system can simultaneously perform two or 
more operations, the card information is read serially, 
column by column into memory on apriority interrupt 
basis. The card reader always has the highest priority 
in accessing memory during a particular word time 
because a loss of information will result if access is 
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Figure 6-19. 12-Row Binary Data Card 
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Figure 6-20. 12-Row Binary Card to Memory 



not granted. The 400 cpm card reader requires access 
to memory once everylOSword times while the high- 
speed card reader accesses memory once every 27 
word times. 



The GE-225 reads punched cards in three different 
modes corresponding to the three card formats, de- 
pending on the read instruction being executed. Re- 
gardless of the card reader mode, the starting memory 
address into which data is read must be a multiple of 
128 but less than 2048. This means, in effect, that 
cards can be read into memory beginning at 128, 256, 
384, etc., up to 1920. It is suggested that read oper- 
ations not utilize a memory address less than 256 due 
to the possibility of the API, Automatic Program Inter- 
rupt, being added later if notusedatpresent. The API 
uses memory location 128, as well as extra modifica- 
tion word groups. 



RCD 
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Word Times: 2 



Functional Description: READ CARDS DECIMAL initi- 
ates continuous reading of cards in the decimal mode 
(that is, card data is interpreted by central processor 
card reader logic as being in Hollerith format) into 
memory, starting at location Y. Y must be a multiple 
of 128, but less than 2048. The first card read enters 
locations Y through Y+26, the second enters Y+32 
through Y+58, the third enters Y+64 through Y+90, the 



fourth enters Y+-96 through Y+122. The fifth card 
enters Y through Y+26, etc. After each card is read 
in, the sign bit of the GE-225 word after the last word 
containing card data (Y+27, Y+59, Y+91, or Y+123) is 
set to minus. After the last card of the deck is read in, 
bit position 1 of the GE-225 word after the last word 
containing card data (Y+27, Y+59, Y+91, or Y+123) is 
set to one. If the card reader is not in ready status 
when the RCD is given, the central processor halts 
and a card reader error is indicated on the control con- 
sole. Once begun, card reading is continuous until the 
card reader is stopped by a halt card reader (HCR) in- 
struction, the input card hopper becomes empty, or a 
machine malfunction occurs. 



HCR 



2500004 



Word Times: 2 



Functional Description: HALT CARD READER. This 
instruction halts the card feed. If the first half of a 
card is being read at the time that HCR is given, the 
reading of this card into memory will be completed, 
and no further cards willbe read until another read in- 
struction is given. If the second half of the card is 
being read and another card has entered the feed area, 
both the card being read and the card in the feed area 
will be read before the card feed stops. This instruc- 
tion does not delay the computer while the last card is 
being completely read; the program continues in 
sequence and a delay must be programmed to insure 
that the data is in memory before attempting to use it. 
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Example 1: Read cards in the decimal mode into 
memory, beginning at location 0256. 

GAP Coding: 
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The first four cards read will be entered into memory 
in the following sequence. 

Note that each card occupies 27 memory locations, 
plus 1 for the sync word. 



Memory Memory 

Locations 



0256 

0282 
0283 

0288 

I 
0314 

0315 

0320 

i 
0346 

0347 
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I 
0378 

0379 J 




Card #1 




rarfl *•> 




Sync Word 



Sync Word 



Card #3 




Card #4 



Sync Word 




Sync Word 



If the card reader contains more than four cards, and 
the ROD is not followed by a HCR, the fifth card is 
automatically read into the same memory location as 
card #1 (0256). The sixth card enters the same loca- 
tions as did card #2 (0288); etc. 

Comments: Five words of memory are automatically 
skipped after the areas containing card data. In the 
above example, between cards #1 and #2, memory 
locations283 through 287 are skipped; between cards 
#2 and #3, locations 315 through 319 are skipped; etc. 
The last four locations of each group of five can be 
used by the programmer for storage of constants or 



other program data. The first word of each group 
(locations 283, 315, 347, and 379, in the example above) 
cannot be so used, because it is reserved for checking 
information that is automatically developed in the card 
reader. These locations are known as synchronization, 
or sync, words and are ■describeu fully under Card 
Synchronization. 

Example 2: Read one card in the decimal mode into 
location 0384. 

nAP PnHino-- 
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Comments: RCD , when immediately followed by a HC R 
instruction, will cause a single card to be read into the 
specified location (0384). If the above coding were in- 
corporated into a loop, each time the RCD, HCR se- 
quence was executed, one card would be read (in the 
decimal mode) into 27 consecutive locations starting at 
0384, and the automatically-generated sync word would 
be placed in location 0411. 



RCB 
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Word Times: 2 



Functional Description: READ CARDS BINARY initi- 
ates continuous reading of binary cards (that is, card 
data is interpreted by the central processor card 
reader logic as being in the binary format) into memory 
starting at location Y. Ymustbea multiple of 128 and 
less than 2048. The first card is read into locations Y 
through Y+39, the second card into Y+64 through Y+103, 
the third into Y through Y+39, etc. After each card is 
read, the sign bit of the second word following the card 
data, location Y+41 or Y+105, is set to minus. After the 
last card of a deck is read,bitposition 1 of the second 
word following the last card image, Y+41 or Y+105, is 
set to 1. Ifthe card reader is not in ready status when 
RCB is given, the computer halts and a card reader 
error is indicated on the control console. 



_F ya triple; 
0256. 



Read cards in the binary mode into location 



GAP Coding: 
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The first two cards read will be entered into memory 
in the following sequence: 



sequence is later repeated, the next card will enter the 
same locations. 



Memory 
Location^ 



Memory 



Card #1 



0256 

I 

0295 

0297 ¥777777777^77//. 
0320 V ///////'////■, A 
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0359 
0361 



Card #2 




Sync Word 



Sync Word 



RCF 
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Word Times: 2 



Functional Description: READ CARDS FULL initiates 
the reading of all 12 rowsof an 80-column binary card 
(that is, datapunched into the card is interpreted by the 
central processor card logic as being in the special 
binary mode). The 12 punching positions of each 
column (starting with column one) are placed in the 12 
least-significant bit positions of successive memory 
locations, starting at Y (which must be a multiple of 128 
and less than 2048). The card is read into locations Y 
through Y+79. After the card is read, the sign bit of 
the fourth word following the card image is set to one. 
The card reader automatically halts after one card is 
read. If the card reader is not in ready status when 
RCF is given, the central processor halts and an error 
is indicated on the control console. 



Comments: If the card reader contains more than two 
cards and the RCB is not followed by a HCR, the third 
card would be automatically read into locations 0256 
through 0295, the area previously containing card #1 
data; card #4 would be read into 0320 through 0359. 
This sequence would be repeated until all cards were 
read. 

Note that an area of 24 words in memory is left between 
the end of the first card area and the beginning of the 
second card area. In this example, the area consists 
of the locations between 0296 and 031 9. All except one 
of these locations can be used by the programmer if 
desired. The second words following the last words of 
each card (0297 and 0361) are reserved for the syn- 
chronization word which is used for checking purposes. 
See Card Synchronization. 

If an RCB instruction is followed by an HCR, one card 
is read in the 10-row binary mode into memory and 
the card reader halts. If additional cards are to be 
read, this sequence must be repeated for each card. 

Example: Reada 10-row binary cardinto0256 and halt 
the card reader. 



Example: Read a card in the 12-row binary mode into 
location 0256. 

GAP Coding: 
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GAP Coding: 
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The card read will be entered into memory locations 
0256 through 0295, the sync word will be entered into 
location 0297, and the card reader will halt. If the 



Comments: One card of 12-row binary data is read 
into memory starting in location 0256 through 0335. 
The sync word is constructed in location 0339. Only 
one card is read and the card reader halts automati- 
cally. 



Reading Intermixed Cards 
High-Speed Card Reader 

The following instruction is effective only with the high- 
speed card reader as an optional feature. | 
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October 1963 



RCM 
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Word Times: 2 



Functional Description: READ CARDS MIXED. This 
command initiates the reading of a single card of data. 
The card reader will automatically halt after each card 
is read. 



A typical binary card with the 7-9punchin column one 
is shown at the bottom of the page. 



Card Reader Synchronization 
and Error Checks 



The reading of the card occur sin the RCF (RE AD CARD 
FULL) mode if column one contains a 7-9 punch. If 
column one does not contain a 7-9 punch the card is 
read in the RCD (READ CARD DECIMAL) mode. 

GAP Coding: 
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Comments: The read cards intermixed instruction 
allows random intermixed binary and decimal cards to 
be read into memory one at a time under program con- 
trol. A binary oard must be so designated by a 7 and 9 

pUlil^il iXi CUiUXilLl UiiC, 111 WllXV^ll V^dOC LllC ^CLi.U W Xi.X UC 

read into memory by setting a bit in bit position 1 
of the first memory word. The first word in memory 
I would appear as 1012000g. 

If the 7 and 9 are not sensed in column one, the card is 

assumed to be a Hollerith decimal card and will be read 
into memory in the Read Cards Decimal Mode. 



Extensive checking of the GE-225 card reader oper- 
ations accompanies the reading of each punched card. 
The results of these checks are stored in a specific 
memory location by the card reader logic. This check 
word is referred to as the synchrortization word or 
sync word. 



The contents of the sync wordprovide the programmer 
with information essential to the successful operation 
of his program. Thus, the programmer must check 
the contents of the sync word each time a card is read 
into memory. 



The location in memory of the sync word depends upon 
the read mode and whether the card reader is reading 
a single card and halting or reading continuously. 
Refer to Figures 6-21 and 6-22. 



400 CPM SYNC WORD. The contents of the svnc word 
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whether: 



1. reading of a card is completed and if the card was 
properly synchronized upon entering and leaving 
the read station, and 

2. the last card of the deck in the input hopper has 
been read and the hopper is empty. 
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111111111111111111111111111 

222222222222222222222222222 
333333333333333333 3 3 3333333 
4(4444444444444444444444444 
5S59S55SSSSSS5SS5SSSSS9SS5S 
E6SEBGB6B6S6BG(B6EtS6ISSBBI 

7 7777777777777777 7777777777 

8 8 8 8 B 8 8 8 8 8 8 8 1 8 I 8 8 8 I 8 8 1 1 B 8 8 I 

IlilllllliniBBISISIillllll 

Ma«n«a««ttii(4««ii«ictiiTiRnMniini«)i« 



:i 
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Card Read 
Mode 


Synchroni2a,tion 

Word Memory 

Location 


Contents in 
Octal 


Continuous 


HCR 


Normal 


Hopper 








Empty 


DECIMAL 

Decimal 


Y+27 
Y+59 
Y+91 
Y+123 


Y+27 


2606077 


3606077 


10-Row Binary 


Y+41 
Y+105 


Y+41 


200177 


300177 


12-Row Binary 


No 

Continuous 

Read 


Y+83 


2007777 


3007777 



Figure 6-21. 400 CPM Synchronization Word 



Example 1 : The RCD instructions below have been 
executed by the computer. 

GAP Coding: 



Of 


OfMnnd 


X 


REMARKS 


• [ . 1 ta 


■■l"|-|"l"l" 


.. 


%\ 7S 


R. C D 


S.5 6. , . , 




HEAD A CARD IN DECIMAL MODE 


HCR 






HALT CARD READER 






_^ 





I Normally, the sync word in memory location 0283 
(Y+27) assumes one of these forms. 

1. A normal read, no synchronization errors, input 
hopper not empty. 






1 


2 


3 


4 


5 


6 


7 


8 


9 10 11 12 13 14 15 16 17 18 19 


1 





1 


1 














1 


1 














1 


1 1 1 


1 


1 1 




2 




6 













6 













7 




7 



2. The last card of the deck in the input hopper has 
been read and the hopper is empty. 






1 


2 


3 


4 


5 


6 


7 


8 


9 10 11 12 13 14 15 16 17 18 19 


1 


1 


1 


1 














1 


1 











1 


1 


1 


1 


1 


1 




3 




6 













6 











7 






7 





Any other bit configuration indicates that an error has 
occurred and the card must be re-read before pro- 
cessing the data It contained. 



Example 2: If the read card instruction above is a 
RCB 256, the sync word in 0297 (Y+41) for 10 row- 
binary under the same conditions as above is: 

1. Normal Read (10-Row Binary) 

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



1 





























1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


2 




















1 






7 






7 






7 





2. Input hopper empty (10-Row Binary) 
12 3 4 5 6 7 8 9 10 11 12 13 14 1 5 1 6 1 7 1 8 19 



E 











1 



1 1 1 



1 1 1 



1 1 1 



Any other bit configuration indicates that an error has 

occurred and the card must be re-read before pro- 
cessing its data. 



Example 3: For 12-row binary, RCF 256, no HCR 
instruction is necessary and the sync word in 0339 
(Y+83) for the same conditions of Example 1 appears 
as: 



1. Normal Read (12-Row Binary) 






1 


2 


3 


4 


5 


6 


7 


8 


9 10 11 12 13 14 15 16 17 18 19 


1 























1 


1 


1 


1 


1 


1 


1 


1 


I 


1 


1 


1 




2 


















7 






7 






7 






7 
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2. Input hopper empty (12-Row Binary) 






1 


2 


3 


4 


5 


6 


7 


8 9 10 11 12 13 14 15 16 17 18 19 


1 


1 




















1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 




3 


















7 






7 






7 






7 





Any other bit configuration in the sync word indicates 
that an error has occurred and the card must be re- 
read before processing its data. 



HIGH-SPEED CARD READER SYNC WORD. The sync 
word generated by the high-speed card reader pro- 
vides a much greater amount of pertinent information 
for programmer use. Figure 6-22 contains infor- 
mation on the high-speed card reader sync word. 
The sync words generated by this card reader are 
identical with those of the 400 cpm reader with the 
exception of an invalid character check and a check 
for the last card of the deck with the EOF (End of file) 
button set. 



Interrogation of the bit configurations within the sync 
word generated by the high-speed card reader detects 
the following operating conditions: 



Bit 




Operating 


Position 


Contents 


Condition 





1 


The card is in memory 


1 





The input hopper still contains 
cards 




1 


The input hopper is empty 


16 





The output stacker is full 




1 


The output stacker is not full 


17 





Malfunctioning photocell or 
card slippage. 




1 


All photocells functioning 
properly and no card slippage 


18 


0* 


Invalid character exists 




1 


All characters valid 


19 





Input hopper empty and EOF 
switch is set 




1 


Input hopper not empty and 
EOF switch is not set 



* Valid Hollerith punch combinations are listed in 
Figure 6-17. In the decimal read mode, RCD, char- 

uiiaracter la read, tne sign oi tne woi'a coniaining lue 
character' is set to minus (bit position set to 1) in 
addition to the sync word indication (bit 17) as shown. 
There is no invalid punch configuration for 10- row 
and 12- row binary. 



Card Read 
Mode 


Octal Contents 


Decimal 


Normal 


Hopper 
Empty 


Character 
Invalid 


Read 
Error 

2606075 


2606077 


EOF Not Set 


EOF Set 


2606073 


3606077 


3606076 


10-Row 
Binary 


2001777 


3001777 


3001776 


2001773 


2001775 


12-Row 
Binary 


2007777 


3007777 


3007776 


2007773 


2007775 



! in i pi ■=> // // ^^ 



Figure 6-22. High-Speed Card Reader 
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Examples of the syncwordgeneratedby the high-speed 
unr'j reader are given below. Since a number of card 
reader operating conditions can occur with the reading 
uf a card, the examples cover only the conditions 
mentioned. 



When a synchronization error occurs on a card read, 
the card must be re-read before processing the data. 

Example 3: Sync word on invalid card character 
Bit position 17 set to zero: 





u 


i 


Z 


6 


4 


a 


i 


e 


a lu 


ii 


IZ 


L6 


It 


iO 


ID 


11 


la 


ly 




1 





1 


1 











1 


1 











1 


1 


1 





1 


1 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 




O 


cz 


A 


e 


r\ 


"7 


1 


1 


1 


1 














1 1 














1 


1 


1 


1 1 


1 




2 




6 











6 













7 




7 




In addition, the sign of the word in memory which con- 
tains the invalid character from the card is set tc 



lO-Row Binary 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



l,^ 








^ 











1 


1 


'!' 


1 


^! ' 


1 1 1 


2 
















1 




7 




7 


7 



12-Row Binary 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



minus. Theie are no invalid characters when reading 
binary cards, and bit position 17 will be set to one (1). 



Example 4: Sync word for last card of a deck in the 
input hopper with EOF button NOT SET and HOPPER 
EMPTY: 

Decimal Mode 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



p 














"^ 


—1 







M^ 


1 1 


I — 
1 


1 


1 


1 


1 


1 


1 


1 




2 
















7 




7 






7 






7 





1 


1 


1 


1 














1 


1 











1 


1 


1 


1 1 


1 




3 




6 













6 











7 




7 





Example 2: Sync word on read error (Synchronization) 
Bit position 18 set to zero: 



Decimal Mode 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



10-Row Binary 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



1 


1 











— 1 









? 





1 


1 


1 


1 


1 


1 


1 


1 


1 


1 




3 


















1 






7 






7 






7 





12-Ro-w Binary 











































ni 954«;R'7ftQini119. 1S141!ilfi171819 


1 





1 


1 














1 


1 














1 


1 


1 


1 





1 








1 


1 








t 











1 


1 


1 


1 


1 


1 1 


1 


1 


1 


1 


1 








6 





7 






2 


6 


5 




3 


















7 






7 




7 






7 





10-Row Binary 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



1 


























1 


1 


1 


1 


1 


1 


1 


1 





1 




2 
















1 






7 






7 






5 





If the EOF button is set, bitposition 19 of the sync word 
is 0: 



12-Row Binary 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



DECIMAL 
10-ROW BINARY 
12-ROW BINARY 



OCTAL— > 3606076 
OCTAL —^ 3001776 
OCTAL -^ 3007776 



1 





w 

















1 


1 


1 


1 


1 


1 


1 


1 


1 


1 





1 




2 


















7 






7 






7 






5 





If the EOF button is set, the circuitry generates a 1 in 
bit position 1 and a in bit position 19 of the SYNC 
WORD when the last cardof the deck in the input hopper 
is read into memory. 
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Card Reader Generation of Sync Word 

Regardless of the mode in which a card is read, the 
logic of the card reader generates 84 read pulses, even 
though only 80 columns of information are read. 

TDmIooo Q1 QO Q^ o«^ OA ^tf^^-t. 4.1-^ i-ji. i?i i! Rr'R 

* ^^fSCkj vA, vu, WW, a.iiu \J-Z ailiZ^L UlC Ull CUlUi^Ul'clllUIlS i^s^iW 

of the sync word in a manner dependent upon the read 



In the decimal read mode, pulse 81 places an octal 60 
in bit positions 14 through 1 9 of the sync word. Pulses 

ft9. anH Wf? r^^c»/^o art r\/^ + o1 RA iv. V»4+ ^r^c^H-i^-^^ O 4.1 1- n 

— "— "« ^*.v*^^w MAA uv<>,M4. WW X44 Wi I, ^«_/OX tXl-ZllO £j LItXUUgli f 

and 8 through 13, respectively. Since pulse 84 is timed 
such that it falls between cards, it generates all ones 
in bit positions 14 through 19 and sets a 1 in the sign 
bit position, signifying a complete card read. Also, 
if the input hopper goes empty, bit position 1 is set to 
1. 

If a card column contains an invalid punch configu- 
ration, a logical OR takes place and the 400 cpm reader 
places the results in memory. The 400 cpm reader, 
unlike the high-speed reader, does not indicate invalid 
characters. For instance, if a card column contains 
the invalid punch configuration of 6 and 9, the logical 
OR of the punches are placed in memory as shown 
below: 



-> 00110 



15 



-^01111 



In the 10-rowbinarymode,pulse 83 sets bit positions 2 
through 19 of the sync word to zero and pulse 84 sets 
bit positions and 10 through 19 to ones to indicate a 
complete card read. If this is the last card in the 
hopper, bit position 1 is set to one. Pulses 81 and 82 
do not generate any sync word information. 

In the 12-row binary mode, pulse 84 sets bit positions 
and 8 through 19 of the sync word to ones upon the 
completion of the card read. Bit position 1 is also set 
to one if this is the last card of the deck in the hopper. 

Compatibility of 400 CPiVl 

and High-Speed Card Readers 

Programs written for the 400 cpm reader can be run 
on a machine using the high-speed reader. However, 
the reverse is not true in that, normally, programs 
written for the high-speed reader cannot be run on the 
400 cpm reader because certain checking features 
on the high-speed reader are' not available on it. 
slow machine. 

Card Reader Ready Instructions 

Instructions are provided that enable the programmer 
to determine whether or not the card reader is ready 
to receive a read card instruction. A programmer can 



thus delay or perform other tasks until the reader 
becomes ready. 



WOid TiiucS; 






READY, If the card reader is ready to read cards and 
the card hopper is not empty, the centi-al processor 
executes the next sequential instruction; if not ready, 

thp ma-yt lncfTnmfirk« i e oUvm^/^H nr^^A 4-u^ ^^rty^«^ .^nm. A«4>4n1 

—- - ..V...V ^..wvA WW....WA. AW wxvA^^wu miU LllC 0K:K^KJII^ OCV^UCJil lxclx 

Instruction is executed. 



BCN 



2516006 



Word Times: 2 



Functional Description: BRANCH ON CARD READER 
NOT READY. If the card reader is not ready to read 
cards, or if the card hopper is empty, the central pro- 
cessor executes the next sequential instruction; if the 
card reader is ready, the next instruction is skipped 
and the second sequentiall instruction is executed. 

The examples below show typical use of these instruc- 
tions. 

Example 1: In this example,processing does not com- 
mence until the card is completely read. Where a 
card read operation is only an interruption of the main 

program uUS approach WOUlu not be tidequdie. 



GAP Coding: 



0,. 


o,.,^ 


X 


HMUM 


■ 1 • !'• 


'» 1 " [ "1 '•! " 1 " i '• 1 '• 


.. 


31 K 


R CD 


B, 4, , , 




READ CARD DECIMAL MODE 


H C R 






HALT CARD READER 


B C R 






TEST FOR COMPLETION OF READING 


BR D 


•,t 2 




BRANCH AND PROCESS CARD 


B R U 


•.-2 




BRANCH BACK TO TEST UNTIL CARD IS READ 


L D A 


B,4 




PROCESSING OF CARD 




















































































Example 2: Check for card reader being ready, read 
a card and delay further processing until card reader 
becomes ready. Note the use of the asterisk. 

GAP Coding: 



Op. 


o^^ 


X 




• 1 • 1" 


II] lij l.| t. 1 l.{ 17 J 1. 1 1. 


aa 


11 ' '■■ ?i 


^ C N 


• 


CHECK FOR CARD READER READY 


R C D 


C R D I N 


READ CARD DECIMAL 


H C R 






HALT CARD READER 


B C N 


* 




DELAY FOR COMPLETE CARD READ BEFORE 








FDETHER PROCESSING 



rn^rp 



1^1^ 



/ 
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Programming the Card Reader 

In most programs, it is easier for the programmer to 
read a card and halt than it is to read continuously. 
The operating speed of the card read decreases when 
the HCR is used as shown below. 



Card Reader 
Model 


Card Read Speed (CPM) | 


Non- 
Continuous 


Continuous 


400 cpm 


360 


400 


1000 cpm 


900 


1620 



When the high-speed reader is operating in the con- 
tinuous mode, a maximum of 30 ms is available for 
processing between cards. If during a continuous read, 
an HCR command is given within 2 ms after the sync 
word is set on the card just read, only one more card 
enters memory before the card reader halts. 

Since the sync word generated by the card reader con- 
tains information pertaining to the reading of a card, 
the programmer utilizes this information before pro- 
cessing the data from the card. 

The brief flow chart of Figure 6-23 serves as one 
example of the procedure that a coder could follow in 
programming the card reader. The coding applying to 
this flow chart is shown by Figure 6-24. The 400 cpm 
reader is used for these illustrations. 

Although the sync word contains information on each 
card read, it is the responsibility of the programmer 
to determine if the card read was normal. If not, the 
corrective measures required must be programmed. 
The coding of Figure 6-24 is one method for checking 
on sync error, EOF, or hopper empty conditions. The 
card read routine written for the high-speed card 
reader, in addition to checking the conditions illus- 
trated, can check for invalid characters, stacker full, 
and hopper empty with EOF button set. The extent to 
which the various checks are carried can be deter- 
mined by the needs of each installation. An example 
of checking for an invalid character is shown below. 




/ts~CardReader\ Yes 
\ Ready ? 



No 



RCD Card in 
& Halt 



Yes /-Is Card Read \ 
V Completed ? J 



No 



( Is Svnc Word ^ Yes 
V Normal ? J 



No 



Yes/' 



Is Hopper ^ 
Empty ? J 



Hopper 
Empty 
Routine 



No 



c 



Card EOF ? 



Sync Error 
Routine 



L> 



No 



A 



Normal 
Process 
of Data 



EOF 
Routine 



Figure 6-23 Flow Chart of Typical Card Read 
Procedure 





Op. 


Optrind 


^ 


REMARKS 






"' ": "■ "; " " 1 " " 








L D A 


C R D + 2 7 




SYNC WORD 




SOB 


IN V L I D 


j INVALID CHARACTER CONST. OCT 2606073 | 




B N Z 


P R O C E S 




DATA OK PROCESS 




L D X 


ZERO 


2 


ZERO INDEX CELL 2 




L D A 


CRD !2 1 LOCATE WORD CONTAINING INVALiD 




B M I 


1 i CHARACTER BY CHECKING FOR MINUS 




B R U 


B A D W D SIGN 




I N X 


1 12! 




B X L 


2 6 '2 ' 




B R U 


• - 5 






B A D W D 


S T X 


M S G # 3 + 5 


2 


STORE WORD # CONTAINING INVALID CHAR 




S P B 


PRINT Y 


1 


TYPEWRITER ROUTINE 




L D A 


H S G # 3 




TYPEWRITER MESSAGE GIVING OPERATOR 




DEC 


6 




NECESSARY INSTRUCTIONS THEN READ 




B R D 


START 




NEXT CARD 






1 1 



Once an invalid character is detected, bit position 17 
of the sync word is 0. The word containing the char- 
acter is identified by the sign bit being minus. 



Example of BCD Word with Invalid 
Character as Identified by Card Reader 



1 








1 


1 





1 











1 





1 





0^ 








1 


1 



V 



Indicates Invalid Character 



113 
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PROGRAMMER 

G E Cod«r 


PROGRAM Run ^3 

Quality Control 


DATE ^ 


Symbol 


Opr 


Operand 


X 


REMARKS I 


1 1 Z j 3 [ 4 I 8 [ e 


. 1 . [,0 


12ll3lnilB|l6JI7|l8il9 


20 


31 1 


, , , , 


0,R,G 


2.5 6 




CARD READ AREA \ 


CRD 




B,S ,S 


2 


8 












\ 






ORG 


1 
















PROGRAM ORIGIN 1 


S Y,N C , 




OCT 


2 


6 ,0 


,6 


,7 


7 






SYNC CONSTANT / 


H, P, E M T 




OCT 


1 








,0 


,0 






HOPPER EMPTY CONSTANT / 


ZERO 




D,E,C 



















—I 


C R D E O 


F 


A,L,F 


E 


N,D 




1 1 








CARD EOF CONSTANT 


S T A R T 




B.C.N 


* 


i 












TEST FOR CARD READER READY \ 


__J 1 1 i 1 




R C D 


C 


R D 












READ Q^RD DECIMAL f 






H C R 
















HALT CARD READER 1 






L D A 


C 


R D 


+ 


2 7 








SYNC WORD / 


, 




B P, L 


* 


- 1 












DELAY UNTIL CARD READ COMPLETED / 






S ,U ,B 


s 


Y N 


C 










CHECK SYNC WORD FOR NORMAL READ / 




B,Z E 


* 


+ 6 












NORMAL READ 1 




S ,U ,B 


H 


P,E 


M 


T, 








CHECK FOR HOPPER EMPTY \ 




B Z E 


E 


MP 


T 


Y 








BRANCH TO HOPPER EMPTY ROUTINE \ 




BR U 


R D,E 


R 


R 








BRANCH TO READ ERROR ROUTINE 1 




L,D,A 


CRD 


+ 


1 , 








SECOND DATA WORD FROM CARD / 


' — - ' 


S U ,B 


CRD 


E 


O F 








CHECK FOR CARD EOF ^ 


B,Z E 


W,I N , 
C R B 


D 


U ,P 






BRANCH TO EOF ROUTINE f 


P ,R O C E S L ,D A 1 


1 
1 


Q C CODE 


-A 


J.. 1 J 1 1 


S ,B ,0 














SUBTRACT ONE 


, , , , 


B ,Z ,E 


A |R ,E , 


A , 


# , 1 . 








PARTS FROM AREA #1 1 


1 . 1 1 1 


S ,B O 














1 




B Z E 


A,R E A # 2 


I 


^^ 


^^ 


PARTS FROM AREA #2 | 



Figure 6- 24. GAP Coding of Card Read 



The corrective action required is determined by the 
individual needs of each installation. In a similar 
manner, other types of conditions indicated by the sync 
word can be detected and the necessary actions taken. 



CARD END OF FILE CONVENTION. The End of File 
(EOF) card is used to designate the end of a deck of 
punched cards. This card, when detected, signifies 
that all cards of the deck have been read. 



Recommended EOF cards for the GE-225 are shown 
below. 

BCD File: Punches in rows 0,7, and 8 of columns 1, 
2, and 3 and END punched in columns 4 through 6. 



— m\ 

II 

I 

lllooooooooooooooooooooooooooi 
inntniiintnttinintitij 

222222222222222 22222222222221 
33333333333333333333333333333 
44444|44444444444444444444444J 

SS5IIS9S5S55 55 5JSSSSSS5S5SSSJ 

S(StS6e6SeS6EiCSE6686666B6t6| 

1117777 77 7777777777 7 7777 7 7 77 71 

lll88 88 8t88 8S88SIS<8l3S8t8 8lll1 

999983999999S999999999 9939999) 
1 2 1 4 s ■ T ■ iMtiuuH»iii7Hii»flaaMBanaax 



BCD 
EOF Card 



fT^rp i:??! (5^^ rp 
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These columns appear in memory as: 

Word #1 



111111111111111111 



For 12-row binary, each column is placed in one word, 
bit positions 8 through 19. Only columns 4, 5, and 6 
are shown: 

Column #4 
Word #4 



Word #2 












1 


1 


OllOOlOllOl 10100 



25 

E 



45 
N 



24 
D 



Binary File : Punches in rows through 9 in columns 
1, 2, and 3 and END punched in columns 4 through 6. 



SffEHD 
I I 
I 

lllooooooaooooooooooooooooooooooi 

1 ] 3 4 S S 7 I 9 10111211 HtS IS 1] II 19» 21 2Z»M»»272I233I1 31 ul 

nil 11 1111 11 1 1 11 111111 niiniii if 

Ill22222222222222222222222222222i 
III333333333333333333333333333333! 
|||44l444444444444444444444444444j 
lllll5S5555S55555595a555S955a555j 
III6666E66E66EEG6E66BSS66666SS6E 
III77 777777777777777777 77 77 777 7 7> 
11138888:383883883838833688383388] 
II|3S399999°99SS9939S999S3<I9S9S9 9| 

1 ; 3 4 L S ~, S T 10 i! 12 13 14 IS 16 '/ IS 13 2l' 21 22 23 24 M it I'l « JK 1 



EOF Card 
Binary 



For 10-row binary this card appears in memory as: 



Word #1 



1 lllll 1 


1 


1 1 


1 1 


1 


1 1 1 


1 


1 1 Tl 


1 


1 



3 7 
Word #2 



1 


1 


1 


1 


1 1 


1111 

















10 






3 7 



Word #3 



o|o 








T 


























1 

































1 





1 


1 


1 1 1 


1 1 


i 1 1 







Column # 5 
Word #5 















w 








1 

















1 















Column #6 
Word #6 



























1 

















1 


























Card Punch Operations 

The GE-225 card punch is an on-line device used for 
providing output information in the form of punched 
cards. Available in two models with punching speeds 
of 100 and 300 cpm, respectively, the punches can 
produce punched cards in three modes, standard 
Hollerith, 10-row binary, and 12-row binary. 

A punch instruction causes the punching of a single 
card regardless of the punch mode. 

The memory address from which the information is 
punched must be a multiple of 128, but less than 2048. 
The card punch sets up andpunches information on the 
card a row at a time, with the 12-row first, then the 
11-row, 0-row, etc., and the 9-row last. All infor- 
mation punched is transferred from memory through 
the M register to an 80 column buffer before a set of 
punching dies, under control of the punch logic, is 
activated. Since punching is accomplished inde- 
pendently of the central processor, other computer 
operations can occur simultaneously. The punch has 
the lowest priority in access to memory. 

An optional feature permits cards punched in Hollerith 
can be checked for double punches and for blank 
columns if desired. The 100 cpm punch checks up to 
30 columns in any combination. 
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Punching Instructions 



In 12-row binary, 80 consecutive memory words are 
needed to fill one card. Figure 6-19 is an example of 
this type of card. 



The GE-225 card punch operates in three modes: deci- 
mal, 10- row binary, and 12-row binary. The punching 



wrn 



asnvvfi^ 



WnrrJ Timpc* 



Functional Description: WRITE CARD DECIMAL. The 
information in memory locations Y through Y+26 
(where Y is a multiple of 128, but less than 2048) is 
punched into a card in decimal (alphanumeric) format. 
If the card punch is not in ready status when this 
instruction is given, the computer halts and a card 
punch error is indicated on the control console. 

The WCD instruction results in the three 6-bit BCD 
characters of each word in the memory punching area 
being converted into the equivalent Hollerith or stan- 
dard card code and punched into the card. Figure 6-14 
illustrates a Hollerith card. Note that bit positions 
and 1 of each word are notpunched. Figure 6-17 con- 
tains the Hollerith code characters applicable to the 
punch. Twenty-seven successive memory words are 
needed to fill one 80 column card. 



WCB 



250YY03 



Word Times: 2 



Functional Description: WRITE CARD BINARY. The 
information in memory locations Y through Y+39 
(where Y is a multiple of 128, but less than 2048) is 
punched into a card in binary format. If the card punch 
is not in ready status when this instruction is given, the 
computer halts and a card punch error is indicated on 
the control console. 

One 20-bit memory word occupies two 10-row binary 
card columns. Thus 40 consecutive memory words fill 
one card. Figure 6-18 illustrates a 10-row binary 
card. Note that card rows 12 and 11 are not used. 



Punch Ready Instructions 

Before punching a card, the punch must be in a ready 
status or a card punch error results and the computer 
haltSi Instructions are available that enable the oro- 



BPR 



2514007 



Word Times: 



Functional Description: BRANCH ON CARD PUNCH 
READY. If the card punch is in a ready status, the 
computer takes the next sequential instruction. If not 
ready, the computer skips the next instruction and 
executes the second sequential instruction. 



BPN 



2516007 



Word Times: 2 



Functional Description: BRANCH ON CARD PUNCH 
NOT READY. If the card punch is not in a ready status, 
the computer takes the next sequential instruction; if 
it La, Uie cuxiiputer skips the next msiructionana exe- 
cutes the second sequential instruction. 



Programming the Card Punch 

Card punching is time consuming, and it is to the pro- 
grammers advantage to punch at maximum speed. 
When a punch instruction is given," a single card is 
punched. In order to punch at maximum speed, another 
punch instruction must be given within 10 milliseconds 
after completion ofpunching the previous card. Failure 
to meet this timing requirement results in maximum 
punching rates of 50cpmforthe lOOcpm punch and 180 
cpm for the 300 cpm punch. 



WCF 



250YY17 



Word Times: 2 



Functional Description: WRITE CARD FULL. The in- 
formation in memory locations Y through Y+79 (where 
Y is a multiple of 128, but less than 2048) is punched 
into a card in 12-row binary format. The 12 bits 
punched are the least significant bits of successive 
memory locations. Bit position 8 is punched in row 12 
and bit position 19 is punched in row 9. If the card 
punch is not in the ready status when this instruction is 
given, the computer halts and a card punch error is 
indicated on the control console. 



Example 1: Testforpunch ready and punch a Hollerith 
card from symbolic memory address PUNCH. 

GAP Coding: 



Op, 


o^... 


X 


RlMAiiKS 


. j . i 10 




It 




B, P N 


• 




DELAY UNTIL PUNCH HEADY 


WCD 


PUNCH, 




PUNCH HOLLERITH CARD 











Symbolic address PUNCH mustbe a multiple of 128 but 
less than 2048. Pimchingfroml28isnot recommended 



/T^ 



m 
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since the Automatic Priority Interrupt (API) uses this 
area. 



Example 2: Multiple punch areas can be used with 
punching proceeding from one area while the other 

written to accomplish punching. A sample routine is 
shown. 



GAP Coding: 



I,.M 


Car 


CXwM 


T 


KEMUKS 


; &«,»* 


r,.. 












"l 










TEST FOR PUNCH READY 




OLD 


A R 


E A 8 


PDNCH AREAS 




1 




S T A ♦ ■. 


3 ! SET-DP PUNCH INSTRUCTION 




1 6 






EXCHANGE PUNCH IN8TRUCTIQK8 




3 D 




D 3 t[a R 


E A S 


_L 


1 6 




SOP; 


PUNCH CARD 




3 




B R U 


1 


' 3 1 EXIT (HPB ENTRY USED) 


AREAS 


W C Dj3 8 


1 1 


PUNCH #1 








tW C D_B_1 


I 1 


PUNCH #a 
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CONTROLLER SELECTOR OPERATIONS 



Certain GE-225 high-speed input-outputperipherals do 
not access memory directly, but are buffered by means 
of controllers which, in turn, are granted memory 
access through a control and data transfer device, the 
controller selector. Figure 1-2 illustrates this rela- 
tionship. The auxiliary arithmetic unit (AAU), although 
connected to the controller selector, has character- 
istics that distinguish it from the high-speed peri- 
pherals. While it is not an input/output unit, it is 
discussed in a later section like other peripherals. 



Because the controller selector serves as a means of 
communicating between peripheral controllers and 
memory, each controller must have a unique address 
and a specifiedmemorypriority. This is accomplished 
with plug-in connectors which tie together the peri- 
pheral controllers and the controller selector. 

The controller selector assigns each of the eight avail- 
able plugs a unique memory access priority. The lower 
the plug number the higher is the priority, as shown in 
Figure 1-5. The relationship of priority to plug number 
means that the memory access requirements of the 
peripheral device must be taken into consideration 
before it is assigned to a specific plug. The controller 
selector has adatatransfer rate of 55,000 20-bit words 
per second, which is more than sufficient for a tjTpical 
GE-225 installation, A GE-225 system may have any 
combination of input-output controllers except for 
the following limitations: No more than 1 AAU, 2 
41-Kc. magnetic tape controllers, 2 DSU controllers, 
or a combination of 2 41-Kc. magnetic tape and DSU 
controllers. 

Devices with high memory access requirements, such 
as a mass random access data storage (MRADS) unit, 
require high priority plug numbers. Devices that can 
wait for access to memory without loss of information 
are assigned low priority. Plug assignments should be 
determined during the early stages of system planning 
and all programmers informed of the plug number of 



each device. Recommended plug assignments when- 
ever possible are: 

Plug Number Peripheral Controller 

Mass Random Access Data Storage 
(MRADS) 

1 2nd MRADS or Magnetic Tape 

2 Magnetic Tape 

Adapter 

4 Document Handler Adapter 

5 Doc. Handler AdapterA>ATANET-15 

6 Printer 

7 AAU 

The adoption of these assignments increases compati- 
bility of software and back-up between installations. 

CONTROLLER SELECTOR 
INSTRUCTIONS 



Input-ou^ut operations of peripherals connected to the 
controller selector are accomplished by a sequence of 
instructions. 

The controller selector should firstbe tested to deter- 
mine if it 13 in a ready state before issuing an instruc- 
tion to perform an operation. Attempted execution by 
the computer of a SEL command (discussed below) 
when the controller selector is busy results in an alert 
halt condition andhangs up the computer. Interrogation 
of the controller selector is done by one or more BCS 
instructions, which are discussed in the sections on 
high-speed peripheral operations. 



r-^ 



M^' 



II ll'^^ 
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I BCS XXX P 2514P2C/2516PCC Word Times: 2 

Functional Description : BRANCH ON CONTROLLER 
SELECTOR. The peripheral connected to controller P 
is testedfor the condition (CC)indicatedby a mnemonic 

piA^;<ru iO LUC upcictiiu tiuuic&o iieiu iueiiLilieu Dy AAA 

above. The BCS instructions are listed and described 
with the instructions for the various peripheral de- 
vices. 

If the controller selector is ready, the plug containing 
the peripheral controller that is to be placed in oper- 
ation must be selected by a Select (SEL) instruction. 



SEL P X 2500P20 



Word Times: 2 



Functional Description : SELECT. The peripheral con- 
nected to controller P (addresses through 7) is sel- 
ected for the operation indicated by an associated 
instruction. The executionof the SEL command always 
sends the contents of the next two memory locations to 
the selected peripheral controller. Execution of the 
SEL instruction also resets controller error condi- 
tions. 



Routine, controls the simultaneous operation of two 
or more unrelated programs. The system combines 
peripheral-to-peripheral runs (e.g., tape-to-printer, 
tape-to-punch, and card-to-tape) with a main program 
and can control programs associated with the remote 
inquiry stations. 



The API feature provides for automatic interrupt of 
the main program whenever selected peripheral con- 
trollers change status from 'not ready' to 'ready'. 
This allows control to be transferred automatically 
from the main program to the executive routine de- 
signed to service the peripherals. Each controller 
on the GE-225, the card reader, and the card punch, 
can signal the GE-225 that it has finished an operation, 
and is ready for another operation. This signal may, 
or may not, cause a physical interrupt on the GE-225, 
depending upon the status of the computer. The type- 
writer and paper tape reader or punch cannot cause 
automatic program interrupt. 



A switch is provided for each peripheral controller 
which allows only desired peripherals to cause an API 
thereby, in effect, masking out devices for which an 
interrupt is not desired. 



Every peripheral connected to the controller selector 
requires three memory words containing instructions 
to perform an operation: the SEL instruction selecting 
the controller and two otherwords instructing the con- 
troller to perform a specific task. The instructions 
contained in the two words following the SEL command 
are not executed by the central processor. Therefore 
when the SEL is in the I register, the P register will 
hold the address of the third sequential instruction. 

Example of SEL Coding : 



Opr 


Operand 


X 


REMARKSJ 


e 1 B 1 10 


12 1 13 1 14 1 IS 1 1e 1 17 1 IS j 1» 


20 


" < 


S ,E ,L 


6 ,,,,,, , 




SELECT PLUG NUMBER 6 ^ 








) 








\ 



The contents of the two words following the SEL in- 
struction is governed by the operation desired and by 
the peripheral equipment to be used. Specific details 
for programming these peripheral operations are given 
in subsequent sections. 



AUTOMATIC PROGRAM INTERRUPT 
(API) 



A GE-225 optional feature makes it possible to pro- 
gram an automatic interruption of the main program to 
process a higher priorityprogram. This feature, when 
used with the Automatic Priority Interrupt Executive 



When the switch is 'ON' , the peripheral controller will 
be allowed to cause an automatic interrupt (under de- 
signated interrupt conditions). 

When the API switch is 'OFF ' , the peripheral controller 
will not be allowed to cause automatic interrupt (under 
any conditions). 

When a GE-225 system operates with API, the computer 
may be in a specific mode of ope ration within the pro- 
gram being executed. These operating modes and pro- 
gram are defined as: 



Non-Interrupt 
Mode 



Interrupt Mode 



Priority Mode 



A mode of operation in which the 
GE-225 is not processing a priority 
program; and can not be physically 
interrupted by a signal from a 
peripheral device. When power is 
initially applied to the GE-225, the 
GE-225 is in the Non-Interrupt Mode. 

A mode of operation in which the 
GE-225 is not processing a priority 
program; but can be physically in- 
terrupted as a result of a signal from 
a peripheral device. A set mode is 
required to place the GE-225 in the 
Interrupt Mode. 

A mode of operation in which the 
GE-225 is processing apriority pro- 
gram, as a result of being physically 
interrupted while operating on a 
main program in Interrupt Mode. 






r 
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Definitions 



Operation of API 



Main Program - The program that is being executed at 
all times other than when an Automatic Program 
Interrupt occurs. 

Priority Program -Aprogram (peripheral-to-periph- 
eral) that is designed to be executed in the Inter- 
rup I, j\io*^e. 

'RoTvin+o TnQniT»T7 'DT'no-rQm _ A nrncTTn rn that pnntrnlR thp 

xvemote inQuiry iiaruwarc anu is 8X8Cul6u in tue 
Interrupt Mode. 



Program Interrupt Instructions 



SET 



PST 



2506015 



Word Times: 2 



Functional Description : SET AUTOMATIC PROGRAM 
INTERRUPT ON is required to cause the program 
interrupt feature to be effective. This instruction 
causes the computer to enter and remain in the inter- 
rupt mode until the priority program is completed and 
directions are given for return to the main program. 
This command must be given before the mainprogram 
can be interrupted. If a programmer does not wish to 
use the interrupt feature, he merely avoids executing 
a SET PST. 



SET 



PBK 



2506016 



Word Times: 2 



Functional Description: SET AUTOMATIC INTER- 
RUPT OFF is required to disable the program interrupt 
hardware. This instruction causes the computer to 
leave the interrupt mode and remain in the normal 
mode until the mode is reset by a SET PST instruc- 
tion. 



To prevent the main routine from being interrupted 
after a SET PST has been executed, a SET PBK must be 



executed. 



Because the program interrupt feature becomes effec- 
tive whenever the command SET PST (Priority Set) 
is executed andbecomes ineffective when the command, 
SET PBK (Priority Break) is executed, any attempted 
interrupt (caused by a change in status of one of the 
selected controllers) which occurs during the time 
when Automatic Interrupt is not set will be remem- 
bered and will cause an automatic interrupt immedi- 
ately following the next SET PST. It then becomes the 
responsibility of the Executive Routine to determine 
which of the selected peripheral controllers changed 
status and must be serviced. 



When automatic interrupt is initiated, the following 
events occur: 

1. Interrupt of the main program la delayed until the 
next instruction access time. (The Pcoimter con- 
tains the address of the next instruction.) 

2. The computer automatically selects index group 
32. NOTE: Index <^rou" 32 is available onl"^ on 

be used only as prescribed for API. 

3. The contents of the P counter are stored in word 
one of the API index group 32 (memory location 
0129). 

4. Control is transferred to address 0132 (the first 
word following index group 32) which is the start 
of the Executive Routine and an automatic priority 
break occurs. 

5. During the time that control remains with group 
32, the SPB command (if used) will refer to group 
32 only. 

The only index group available during the Executive 
Routine is group 32. It must be remembered that the 
address of the next instruction to be accessed in the 



and the contents must not be destroyed. The com- 
puter cannot be interrupted again until SET PST com- 
mand has been executed as described below. 

To return to the main program, the following pro- 
cedure is required: 

1. A SET PST command is required in all cases 
regardless of whether or not it is desired to con- 
tinue under control of the program interrupt 
feature. If the programmer wishes to return to 
the main program with program interrupt dis- 
abled, the SET PST must be followed by a SET 
PBK. 

2. An indexed imconditional branch (BRU) to location 
zero, modified by word one of index group 32, 
sets the P counter to the address of the next main 
program instruction to be accessed. This is 
always the final step in the sequence for returning 
to the main program. 

3. Any peripheral controller that changed from not 
ready to ready status while the computer was 
under control of the Executive Routine will cause 
an interrupt after return to the main program. 



It is permissible to execute any number of instructions 
between the SET PST and the indexed BRU which is 
used to transfer control back to the main program. 






^-HJW^ 
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Also, any number of BRU instructions can be executed 
while in the interrupt mode. 

When API is set in the program, the following occurs 
when a controller goes from not ready to ready status: 

1. P counter + 1 is stored in location 0129j^q. 

2. Control is transferred to location 013220- 

3. At this time, any or all controllers may or may not 
be tested and may or may not be 'put to work'. It 
is not necessary , however, to do any testing or to 
issue any commands to return to the main pro- 
gram. 

4. The computer-generated-and-executedSPB 132j^Q, 
word 1, is the instruction which turns the API flip- 
flop off in the central processor. This generated 
instruction, in effect, also executes a SET PBK 
instruction. Any controller becoming ready while 
the program is interrupted will be remembered 
until the priority is SET and the modified branch 
is executed, at which time the API flip-flop will be 
set again if any controller went ready during the 
time the 'pseudo' SET PBK instruction was exe- 
cuted by the computer. 

Once a controller causes an interrupt, it will not cause 
another automatic interrupt until it goes from the not 
ready to ready status again. 



Three basic combinations of programs are designed to 
share memory and peripherals with the API executive 
at execution time. These are; 

1. A main program andfrom one to fourpriority pro- 
grams. 

2. A main program and a remote inquiry program, 

3. A main program, from one to three priority pro- 
grams, and a remote inquiry program. 

The Automatic Program Interrupt Executive has as 
its basic configuration the GE-225 with a4Kor larger 
memory. Any configuration of peripherals may be used 
in conjunction with this, excluding the document handler 
and paper tape reader-punch. The system must include 
the API feature. 

The routine requires 97 memory locations and, when 
added to the front of a user's program, is assembled 
into the following areas: 



0128 



10 



0141 



10 



0143 



10 



0169 



10 



0552 



10 



0606 



10 



0606 



10 



0639 



10 



14 locations 

27 locations 

55 locations 

34 locations 

for future expansion 



API Executive Routine 



The API executive routine (CD225J4.000) is in memory 
with every main program or remote inquiryprogram. 
Programs with precedence or remote inquiry pro- 
grani«= may be in memory, if desired. The APT exe- 
cutive routine: 



1. Performs functions necessary for starting and 
ending all programs being executed under its con- 
trol. 



2. Saves the A and Q registers and the overflow indi- 
cation when a main program is interrupted 
because of a peripheral going from busy to not 
busy. 



3. Determines which peripherals are in ready state 
and executes the appropriate priority programs. 



4. Restores the A and Q registers and the overflow 
condition before returning control to the mainpro- 
gram. 



With the exception of programs for magnetic tape and 
MRADS controllers, programs must not refer to 
peripherals used by another program in the same 
load. When magnetic tape and MRADS controllers 
are both used, the same handler on MRADS must not 
be addressed. 

Programs must not refer to memory areas used by 
another program, except in the use of common subrou- 
tines. 

Card read-in areas are restricted to locations 0256j^o 
and 0384jQ, forprogramsbeing executed underthe con- 
trol of API Executive. 

Card punch areas are restricted to locations 0512j^q 
and 0640j^Q, for programs using API Executive. 



All symbols used in the executive routine start with 
#API. 

Locations 0142j^o *"*^ ^1*^10 ^^^ reserved for remote 
inquiry and must contain zeros if remote inquiry is 
not used. 

Restart is provided only for the main program. 

All programs being executed simultaneously should 
used the same tape or MRADS input/output routine. 
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It is permissible to use two different magnetic tape l/O 
routines only if they refer to different tape controllers 
or if the read/writers are not buffered and a delay, 
error check, and correct is done after each. 



Hardware Operation 



Each controller, the card reader, and the card punch 
can generate a signal to the central processor that it 
has finished an input/output operation, and is ready for 
another command. Whether or not this signal is 
actually sent to the central processor depends upon the 
setting of the API switch associated with each device. 
The controller switches are located on the inside of the 
controller, usually near the controller selector plug. 
The card reader and card punch switches are located 
inside the top door on the front of the control console. 
With this switch off, the interrupt signal from the device 
is not sent to the central processor. The switch must 
be on for the central processor to receive the signal 
from the I/O device. 

The action of the central processor when it receives 
an interrupt signal depends upon the mode of operation. 
Non-Interrupt Mode is established by a SET PBK com- 
mand, or by resetting the computer through depression 
of the power on button. In the Non-Interrupt Mode, the 
signal merely sets a latch to remember that it re- 
ceivea tue signalior later use at such time as Interrupt 
Mode is set. Interrupt Mode is established by a SET 
PST command. 



main program (note 
operation) is stored 
(location 201 octal), 
cally; and program 



When a physical interrupt occurs, the central pro- 
cessor enters the Priority Mode of operation. The 
location of the next command to be executed in the 
the difference from normal SPB 
in word 1 of API index group 32 
Index group 32 is set automati- 
control is transferred to octal 
location 204. A SET PBK operation is executed auto- 
matically as a result of the interrupt, resetting the 
latch associated with the l/O devices, and dropping the 
Automatic Interrupt Mode. Further signals from l/O 
devices becoming ready during Priority Mode set the 
I/O latch again so that another interrupt may occur 
when the priority program is finished and Interrupt 
Mode is re-established. 

When the priority program has completed its oper- 
ations, control is returned to the main program by 
issuing a SET PST, followed by a BRUO, index word 1. 

exit from Priority Mode. Modified BRU instructions 
prior to issuing the SET PST have no effect, and oper- 
ate normally in group 32 in Priority Mode.) Issuance 
of the SETPSTfoUowedbyaBRUO, word 1, will cause 
a return to the main program and the previous index 
group that the main program was operating in when the 
interrupt occurred. Upon return to the main program, 



the computer is in the Interrupt Mode. If it is desired 
to return to a main program from a priority program 
in Non-Interrupt Mode, a SET PBK shouldbe executed 
between the SET PST and the BRU 0, word 1. 

Interrupts can occur only at the point that a.n instruc- 
tion has been executed completely and another instruc- 
tion is about to be accessed. After a test such as BZE 
an interrupt will not occur until the computer has 
analyzed which route it should take. Interrupts can not 
occur between a BRU and the location to which it goes. 
Hence, a program loop such as BRU * cannot be inter- 
rupted. 



Programming Considerations 



Each main program to be used in conjunction with the 
API and a priority program shouldbe carefully scruti- 
nized to ascertain what damage if any, could result 
from an interrupt at any given point. For instance, 
an interrupt between a RCD and an HCR might result 
in continuous reading of cards. (An HCR instruction at 
the beginning of the priority program will prevent 
this.) An interrupt in the middle of a type routine 
might result in the loss of the N register contents 
and a meaningless message. An interrupt just after a 
test-and-branch, such as BZE, has been executed might 

rtTTtTro Hi c?T of *'/-in o if *-V»o ,.^vTr>"i+" . . vr> .-"-i .%- --l^^-il-l ,- - 

verst; uie conaition ]ust after tne test is made. Each 
of the above conditions might necessitate a SET PBK 
and a SET PST around the routine to prohibit interrupt 
during the crucial operation. Care should be exer- 
cised not to abuse the ability to prohibit interrupts in 
this manner, however, or the effectiveness of APIwill 
be unnecessarily reduced. 



Sample API Problem 



Assume that it is desirable to operate two programs 
concurrently within GE-225 memory. One program is 
a card-to-tape conversion, the other represents an 
independent processing function. This problem can be 
solved efficiently by use of the program interrupt 
feature, without use of the API Executive Routine. 



Card-to-Tape Conversion - This shouldbe the priority 
routine since it involves few program steps, re- 

cution depends upon the card reader and the tape- 
controller being in a ready status. 

Independent Processing Function - This should be the 
main program because it requires many program 
steps and is much less reliant upon peripheral use 
and readiness for processing. 
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Symbol 


Opr 


Operand 


X 


REMARKS 






1 1 2 1 3 1 ^ 1 ! ; . 


■ 1 [ 10 


12]l3|l«jlBMe[l7|l8jlO 


20 


31 75 






A 1 , 


D ,E ,C 


5,1,2 




First card read-in area 








D ,E ,C 


6,40, 










Second card read-in area 






A 2 


DEC 


5,1 2 , 












First card read-in area 








D ,E ,C 


6,4,0, , 












Second card read-in area 






C O , N S T 1 


D E ,C 


1,42 












Transfer location 






C O N S T ,2 


D ,D,C 


0, 












Storae-e area for contents of the A and Q registers 








B ,C .N 














Test for card reader not ready 








B ,R U 


A 6 , , 












Exit if card reader is not ready 






A ?. , 


R ,C ,D 


0,5 1,2, 












Read card into memory beginning at 0512 








H ,C ,R 














Halt card reader 








D ,S ,T 


C ,0 N ,S . 


T , 


2 , 








Store contents of A and Q registers for main 






















proerram 








D ,L ,D 


A ,1 , , , 












Load read-in area constants 








X A Q 














Switch read-in areas 








D ,S T 


A,l , , , 












Store read-in areas as constants 








S ,T ,0 


A 2 












Set up alternate card read-in area 






A 4 1 


B ,R ,U 


A ,7 , , 












BvTDass writing a tane record the first time 






















through 








R ,C ,S 


R ,T, Ni 










2 


Test for tape controller not ready 








B ,R .U 


* ,- , 1 1 












Delay until tape controller is ready 








S ,E ,L 


2 , , 












Select controller selector address two 






A, 5 , , 


W, T, D 


,5 , 1, 2 










1 


Write tape in decimal mode from memory 






















locations beginning at 0512 onto tape 1 










2,7 












Write a maximum of 27 words 








D ,L D 


A ,2 , , 












Load read-in area constants 








X , A.O 














Switch read-in area constants 








D ,S ,T 


A ,2 , 












Store read-in area constants 








S T ,0 


A. 5 












Set up memory address from which tape record is 






















to be written 






A 6 


D , L,D 


C O ,N ,S 


T 


,2 








Load contents of the A and Q registers from main 






















program 








S ,E ,T 


P ,S ,T , 












Set priority interrupt mode on 








B,R ,U 












1 


Branch to zero as modified by word one of index 






















group 32: i.e., to the setting of the P counter 






















when the main program was interrupted 






A 7 , 


L D, A 


C ,0 N ,S 


T 


, 1 








Load binary equivalent of 142 








S T, O 


A ,4 , , 












Will cause the writing of tape records all succeed- 






















ing times through the program 








B R, U 


A ,6 . , 












Transfer to exit 





















Figure 7-1. GAP Coding for API Problem 



The programmer should realize that use of the API 
executive routine extends the usefulness of the API 



feature and reduces the housekeeping functions and 
checks necessary for efficient use. 
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SECTION VIII 



MAGNETIC TAPE OPERATIONS 



MAGNETIC TAPE 



Magnetic tape is one of the most widely used computer 
input-output media. Light in weight, compact, and 
very durable, magnetic tape is excellent for storage 
of data which later can be quickly processed. A single 
reel of tape is equivalent to a minimum of nine 2-foot 
file drawers, or about 25,000 punched cards. 

The GE-225 magnetic tape system is a fast and flexible 
means ol efficiently processing such large files of data. 
Information can be permanently recorded on tape 
quickly and accurately , and magnetic tape data can be 
selectively changed or completely erased by the write 
operation. Since magnetic tape can be used again and 
again, its re-use represents a savings in the total cost 
of processing data. 



Magnetic Tape Advantages 
and Disadvantages 



As a recording and storage medium, magnetic tape has 
both advantages and disadvantages. Briefly, some of 
these are: 



Disadvantages 

Non-random access to data 

Recorded data invisible to the eye 

High initial equipment costs 

Housekeeping routines are necessary 

which use memory and consume time 

Physical Characteristics 



Magnetic tape normally has a ferro-magnetic surface 
coating such as iron oxide held to a mylar or acetate 
base ribbon by a hard or soft binder material. Tapes 
for the GE-225 have a hard binding material between 
the coating and the base. The hard binder provides 
better wear characteristics, reduced tendency to shed 
oxide coating in the form of a fine powder, and ability 
to withstand wider temperature ranges. Figure 8-1 
illustrates a section of magnetic tape. 



Advantages 

Compact recording density per- 
mitting high volume density 

Fast and accurate recording of 
variable lengths of data 

Permanent data storage 

Re-use resulting in low cost per 
unit of recording 

Less storage bulk 

Audit trail through retention of tapes 




Binder 



Figure 8-1. Composition of Magnetic Tape 






vm-1 



The tape used by the GE-225 is 1/2 inch wide and up to 
2400 feet long. It is wound on 10-1/2 inch diameter 
plastic reels. Shorter lengths of tape can of course be 
used; however tapes less than 50 feet long have limited 
applications. 

Beginning and End of Tape Detection 

The beginning and end of tape is detected in magnetic 
tape handlers by photoelectric sensing of tape mar- 
kers. Tape markers are strips of aluminum foil 
3/16 by 1 inch placed 10 to 15 feet from the physical 
beginning of the tape and 15 to 20 feet before the phy- 
sical end of the tape. The strips, referred to as leader 
and trailer foils, indicate the beginning and the end of 
the portion of tape that is used when reading or writing. 

To insure that sufficient tape exists beyond the trailer 
foil to permit memory dumps, the tape reels should be 
visually checked and measured. The following table 
shows tape lengths required for binary memory dumps 
at different densities and memory sizes; 



Density 


8 k Dump 


16 k Dump 


15kc/200 bpi 


14 feet 


28 feet 


42 kc/555 bpi 


5 feet 


10 feet 



Magnetic Tape Records 



A single collection of data written from memory onto 
magnetic tape is called a tape record. A record can 
vary in length from one word to the entire memory 
contents (4, 8, or 16 thousand words). Normally, the 
length of a record is apracticalsize as determined by 
the processing requirements. 

Inter-Record Gap 

Tape records are separated by a three-quarter inch 
gap of erased tape called an interrecord gap, or IRG. 
During writing, the IRG is automatically produced at 
the end of each record and, when reading, the record 
begins with the first tape character after an IRG and 
continues to the next gap. Thus a tape record is pre- 
ceded and followed by an IRG, asshownin Figure 8-2, 
and the IRG is used for starting and stopping between 
records. 



3/4" 
IRG 



Tape 
Record 



3/4" 
IRG 



Tape 
Record 



3/4" 
IRG 



Recording of Data 



Figure 8-2. Magnetic Tape Records and Interrecord 

Gaps 



Information is recorded on magnetic tape as changes 
in the magnetic pattern in seven parallel tracks, or 
channels. The pattern is changed in appropriate 
channels as the tape moves across a multiple channel 
recording head consisting of seven magnetic write 
heads. These write heads precede a set of seven read 
heads- thus, as data is written, it can be immediately 
read to provide a check that assures that the infor- 
mation has been written correctly. 

Magnetic Tape Characters 

A magnetic tape character consists of six bits of data 
written laterally across the width of the tape in six of 
the seven parallel tracks. The seventh track contains 
a parity bit which is used for checking the validity of 
the tape character. The tracks across the tape are 
numbered laterally: 



Parity 




Track 


*P 




r 6 




5 


Data ) 
Tracks 


4 


3 




2 




'^ 1 



End-of-File Gap 

The end of all the records of a file is indicated by a 
3-3/4 inch section of erased tape followed by a binary 
001111 (octal 17) tape mark, or end-of-file (EOF) char- 
acter. The EOF record is written on tape by pro- 
grammed instructions. 



3/4" 
IRG 



Tape 3-3/4" 

Record EOF GAP 



EOF Character. 



File Protection 

Because the writing operation automatically destroys 
any previous data on tape, care is imperative in pro- 
cessing files containing data that must be preserved. 
The GE-225 has a file protection ring that must be 
inserted in a groove in the tape reel before the tape 
can be written. If the write ring is in place, either 
writing or reading can occur. Without the ring, only 
reading can take place. The ring thus provides an 
added safeguard against accidentally destroying a file. 



.''^r? 
>^ii 



'^ 



^.:±3- 



vin-2 



Magnetic Tape Handler 



Each tape handler contains two reels, one for tape 
feeding called the supply reel, and the other for tape 
takeup. 



The tape handler mechanism functions to drive the 
tape past separate read and write heads. Tape is 
threaded around tape guides, and between the capstans 
and their respective "inch rollers. In earlier models 
of tape handlers, pressure pads held the tape even 
and smooth as it passed the read and write heads; in 
the newer models, vacuum pockets perform that 
function. When the handlerpowerison, the tape -drive 
capstans rotate continuously in opposite directions 
(top one rotates clockwise), and are always ready to 
drive the tape when a pinch roller forces the tape 
against one of them. Tape moves forward when the 
pinch roller is against the forward capstan and back- 
ward when the pinch roller is against the reverse 
capstan. Two sensing cells in the photosensor are 
positioned to detect the beginning and end of tape 
markers. 



Each tape handler has a power supply to move tape 
forward at a rate of 75 inches per second or back- 
ward (rewind) at 150 inches per second. The infor- 
mation transfer rate is 15 000 or 42 000 characters 
per second. 

Each magnetic tape handler has a control and indi- 
cator panel which permits the operator to see various 
conditions of tape operation and permits him to per- 
form necessary off-line operations. This panel is 
located on the front panel of the handler frame; all 
switches and indicators are labeled except the rotary 
address selector switch which is on the extreme left 
of the panel. On the panel are the following: 



Address Selector Switch. This eight-position 
switch selects the channel from the controller 
(0-7) for on-line operations. The switch is 
completely disabled when the handler is set for 
local operation. Since each handler can be set 
to any one of eight channels, any tape reel can 
be mounted on any transport, and that handler 
can be selected by the computer program. 

POWER ON switch and indicator . This push- 
button turns on power to the handler when 



ucpl 



XL LUXliO pl^wci KJLL dgdlii wncil UC- 



pressed a second time. 

REMOTE/LOCAL switch and indicator . This 
pushbutton determines whether the handler will 
operate under local control from the handler's 
control and indicator panel or whether it will 
operate under remote control from program 



instructions relayed to the handler through the 
tape controller. The pushbutton is horizontally 
divided and changes from one condition to the 
other when depressed. 

REWIND switch and indicator . This pushbutton 
operates only when the handler is set for local 
operation. When depressed, it causes tape to 
move in a reverse direction at a speed of 150 
inches per second. This movement is caused 
bv enerrizine' the reverse' nim^h r^liPT nnH 









REWIND switch is normally used to return the 
tape to its load point, for the tape stops on the 
leader foil. The rewind motion is also stopped 
by depressing STOP or by placing the REMOTE/ 
LOCAL switch in the REMOTE position. 

REVERSE switch and indicator . This pushbutton 
operates only when the handler is set for local 
operation. When depressed, it energizes the 
reverse pinch roller and causes tape to move in 
a reverse direction at a speed of 75 inches per 
second until it is stopped by the sensing of the 
leader foil. The motion is also stopped by 
depressing STOP or by placing the REMOTE/ 
LOCAL switch in the REMOTE position. 

FORWARD switch and indicator . This pushbutton. 
when depressed, energizes the forward pinch 
iOiici aiiu tliei'efuj.e cauaes lurwaru muvemeni 
Of tape when the handler is in the local state. 
Tape will continue moving until the STOP push- 
button is depressed, the trailer foil is detected, 
the REMOTE/LOCAL switch is placed in the 
REMOTE position, or the REVERSE switch is 
depressed. The pushbutton is illuminated during 
forward movement. 

STOP switch. This pushbutton operates only 
when the handler is set for local operation* 
When depressed, it stops all local movement of 
the tape handler; it is not an indicator. 

WRITE INHIBIT indicator . This is an indicator 
which is illuminated when the tape supply reel 
does not have a write-permit ring. (Only reading 
can be done on the tape.) 

ADDR indicator . This indicator is illuminated 
under program control whenever the magnetic 
tape controller is addressed by the central pro- 
cessor for a read or write operation. 

DENSITY select switch . This switch is available 
on 15/42 kc magnetic tape handlers only. In the 
low (15 kc) position, tape can be read or written 
200 bits per inch; in the HIGH (42 kc) position, 
tape can be read or written 555 bits per inch. 
Attempts to read tape with the DENSITY switch 
set at other than the recording density of that 
tape results in parity errors. 
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Read/Write Modes 



The GE-225 magnetic tape system can read or write 
data in three different modes: decimal, binary, and 
special binary. The operating mode is specifiedby the 
particular tape instruction given. 

DECIMAL MODE 



In addition, a BCD zero in memory (000000) is changed 
by the controller and written on tape as 001010. 



This alteration of data during the decimal mode makes 
GE-225 tape format compatible with decimal tape for- 
mats used by other data processing systems. 



When operating in the decimal mode, the magnetic tape 
controller automatically alters the magnetic tape char- 
acters as data is transferred to or from memory 
through the controller. 

The zone bits of some BCD characters are altered by 
the tape controller as follows: 



BCD CHARACTER 


ZONE 


BITS 


MEMORY 


TAPE 


00 


00 


01 


11 


10 


10 


11 


01 



Figure 8-3 shows the octal equivalent of the BCD char- 
acter set as it appears on magnetic tape, and the octal 
representation of each character as it appears in 
memory. Figure 8-4 illustrates how these characters 
are recorded on magnetic tape. 



In the decimal mode, bit positions 2 through 19 of each 
memory word are written on tape as three magnetic 
tape characters which are referred to as a module of 
3. 



CHARACTER 


CHARACTERS - OCTAL | 








MEMORY 


TAPE 





00 


12 


1 


01 


01 


2 


02 


02 


3 


03 


03 


4 


04 


04 


5 


05 


05 


6 


06 


06 


7 


07 


07 


8 


10 


10 


9 


11 


11 


A 


21 


61 


B 


22 


62 


C 


23 


63 


D 


24 


64 


E 


25 


65 


F 


26 


66 


G 


27 


67 


H 


30 


70 


I 


31 


71 


J 


41 


41 


K 


42 


42 


L 


43 


43 


M 


44 


44 


N 


45 


45 





46 


46 


P 


47 


47 



CHARACTER 


CHARACTERS - OCTAL | 








MEMORY 


TAPE 


Q 


50 


50 


R 


51 


51 


S 


62 


22 


T 


63 


23 


U 


64 


24 


V 


65 


25 


w 


66 


26 


X 


67 


27 


Y 


70 


30 


Z 


71 


31 


+ 


20 


60 


- 


40 


40 


A 


60 


20 


/ 


61 


21 


# 


13 


13 


u 


14 


14 


(undrscr) 


15 


15 


= 


16 


16 




33 


73 


S 


53 


53 


* 


54 


54 




73 


33 


% 


74 


34 


i 


75 


35 


] 


76 


36 



Figure 8-3. Representation of Characters in Memory and on Tape 
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BCD CHARACTERS 




Numerics 



0123456789 ABCDEFGHIJKLMNOPQRSTUVWXYZ 

\ n i Ti n i n i 1 1 i i 1 1 i 

illlililiiiiiiiiii 11 

111111111 11111111 111 



1 1 1 1 1 1 i 1 \ 



111 

1 1111 



1 11 

1111 
111 11 
11111 



11 11 11 

1111 1111 1111 

11 11 11 11 11 11 

11111111111111 



11111111111/ 
111 1 111/ 
1 1111 1 / 
11 1 1 1 1 1 V 



Track P is the Parity track. Note that Parity is even for BCD and is odd for Binary mode. 
Figure 8-4. BCD Characters on Magnetic Tape 



Figure 8-5A shows the relationship between a BCD 
word in memory and the three 6-bit characters on tape. 
Note that bit positions andl of the memory word are 
not written on tape. When reading from tape into 



memory, these bit positions are automatically set to 
zero. Figure 8-5B illustrates a word written from 
memory onto magnetic tape. 



12 3 4 5 



7 8 9 10 11 12 13 14 15 16 17 18 19 



Memory 
word 



Track P contains even parity 

bits as required for each character. 



S 1. 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



11110 



^ 



000 111000110 



^ 



^ 



Track 
P 6 5 4 3 2 1 



P |14|15|16 
Pl 8 
P 2 



17|1819 



11 12 
5 6 



Bit Positions 14 through 19 



Bit Positions 8 through 13 



Bit Positions 2 through 7 



Note the alteration of bits 2 and 3 from 11 
in memory to 01 on tape and the even parity 
bits generated for the first two characters. 



Memory Word- 



-►To- 



-* Magnetic Tape 



Tracks 
P 6 5 4 3 2 



S 

> 

o 

« 
f- * 



Figure 8-5. Memory to Magnetic Tape (Decimal Mode) 
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BINARY MODE 



SPECIAL BINARY MODE 



In the binary mode, the twenty bits of a memoi^ word 
are written on magnetic tape as four 6-bit tape char- 
acters. This is referred to as a module of 4 and shown 



^r•a R_R 



binary mode is o 



(-»V>o YTi i-^for- 



idd. 



Tape tracks 1 through 4 of the first character are set 
to 0. When readingfrom tape these zeros are ignored. 



In the special binary mode, bit positions 2 through 19 
of a memory word are written on tape as three 6-bit 
tape characters. No alteration of data bits occurs 
durino" th9 transfer of data throuo"h the tane controller. 
Parity of each tape character is odd. When information 
in the special binary format is read from tape into 
memory, bit positions and 1 of each memory word are 
set to 0. Figure 8-7 illustrates the transfer of a binary 
word from m.emory to magnetic tape in the special 
binary mode. 



1 2 



7 8 9 10 11 12 



13 14 



15 



16 



17 18 



19 



V 



V 



V 



V 



Memory 
Word 



-».P 
-►P 
-►P 
-►P 



1516 
910 



Track 



Tape 
Movement 



Figure 8-6. Memory to Magnetic Tape (Binary Mode) 



12 3 4 


,■) 


R 


7 8 9 10 


11 12 13 14 15 Ifi 17 Ifi 19 


111 


1 











1 


1 1 








1 1 























* 



V 



Note that the format of information in 
the special binary mode is the same 
as the decimal mode. 



V 



Memory 
Word 



P 6 5 4 3 2 1 



Bit Positions 14 through 19^ 



Bit Positions 8 through 13, 



Bit Positions 2 through 7 









1 


1 











1 


1 


1 


1 


1 


1 









Track 



Tape 
Movement 



Figure 8-7. Memory to Magnetic Tape (Special Binary) 
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MIXED DATA MODES 

When core storage contains information in both decimal 
and binary form, writing and reading of this data to 
and from magnetic tape must be done in the binary 
mode so that all twenty bits of each memory word are 
transferred. This means, however, that each BCD 
memory word is placed on tape as four 6-bit characters 
instead of 3 characters. This fourth word on tape con- 
tains no information and is of no significant value. 



an illegal operation such as addressing a magnetic 
tape handler that is in the process of rewinding. 



Magnetic tape alert conditions fall into two categories: 

1. Conditions that cause an ALERT HALT of a tape 

quire manual intervention to restore them to 
operation. 



Example : BCD word written on tape in binary mode. 



2, Conditions that do not cause an ALERT HALT 
but do give an indication of abnormal tape oper- 
ation. 



° 1 i 3 < 5 6 7 8 » 10 11 H 13 14 15 16 17 18 18 

|o |» ill |i|i |o |o I d |o |o 




This BCD memory word is written as four 6-bit tape 
characters. Parity of each character is odd. 



ALERT HALT Conditions 



Certain error conditions and malfunctions that may 
occur during magnetic tape operations cause the faulty 
or affected tapehandler and its associated controller to 
halt. At the same time, the ALERT HALT indicator 
on the controller displaypanel is turned on. Dependent 
upon the alert condition and upon local operating pro- 
cedures, some form of manualinterventionis required 
to return controller and tape handler to operation. 



. > »^a.l.cA W ± ILLCll Ull LO-pC 111 UCl^llilCtl lilOUC 



° .'.'.'.','.'' ^ .' .°.'° 



|o|i oU |i|i |o U i| i| 



" I' 13 U 15 18 17 18 IB Binary 



' I' 13 U 15 18 17 18 

'l°l' l 'l°l°l'TT 



Bit PosiUona 10 tarough 14 



Bit PoelUonB 13 throuah a 



Bit PoBltlons 1 through 2 ' 



Bit positions and 1 are not written on tape and thus, 
when read back from tape, are set toO. However, the 
error detection circuits of the GE-225 will indicate an 
abnormal read if bits are detected in this area by the 
magnetic tape checking features. 



MAGNETIC TAPE ALERT CONDITIONS 



The GE-225 magnetic tape system automatically per- 
forms various checks to insure the accuracy of data 
transfer between core storage and tape. The checking 
circuits are also designed to prevent the execution of 



Tn adiiition, an ALERT HALT rr.a" or mav net cause thr 
central processor 10 iiait. ii tne aiert condition occurs 
during the instruction process (word 1, 2, or 3), the 
central processor halts. If the condition occurs after 
the tape handler becomes busy, the central processor 
continues processing, but a subsequent attempt to ad- 
dress the halted controller and tape handler (or another 
handler on that controller) will halt the central pro- 
cessor. 



Conditions that will cause an ALERT HALT are: 

1. A parity error on instruction word two or three as 
these words are transferred from memory to the 
tape controller. 

2. Addressing a tape handler that is rewinding. 

3. Addressing an unassigned tape handler. 

4. Addressing a tape handlerwhich is one of two units 
on a controller having the same address. 

5. A detectable malfunction of a tape handler. 

6. Giving a write command to a tape handler without 
the write permit ring on the tape reel. 

7. Giving a read backward instruction when the tape 
is positioned on the leader. 



ini 
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When an ALERT HALT occurs, the normal procedure 
requires that all items listed on the preceding page 
be checked to determine and correct the alert con- 
dition. The majority of magnetic tape ALERT HALT 
conditions are due to human error, such as: 

1. Failure to load tape properly 

2. Failure to set handler addresses correctly 

3. Failure to place handler in Remote control 
prior to intended program use 

4. Insertion of incorrect controller plug 

Restart and recovery procedures after alert condition 
correction is a function of the individual installation. 



Alerts on Last Record 



Certain types of magnetic tape errors do not halt the 
computer. These error conditions are visually indi- 
cated on the tape controller by the ALERT ON LAST 
RECORD light and the specific error light. 

The programmer can testfor these errors by using the 
magnetic test and branch instructions described under 
the heading, Magnetic Tape Interrogation Commands. 
Responsibility for corrective action lies with the pro- 
grammer once he has determined the specific errors. 

The following errors can be tested for by the pro- 
grammer. 

1. PARITY . In addition to a parity check on data trans- 
fers between memory and the tape controller, data 
written on or read from magnetic tape is checked for 
validity by means of lateral and horizontal parity 
checks. Figure 8-8 illustrates lateral and horizontal 
parity for the decimal mode. 



Lateral Parity 
in Track P for 

Each Character 



Track 
P 
6 
5 
4 
3 
2 
1 



I I I 



I I 



Horizontal 



J_L 



I I 



* *■ * M l" 



Parity Bit 



for Each Track 



Character G E - 2 2 5 



Horizontal 

Check 

Character 



Figure 8-8. Lateral and Horizontal Magnetic Tape 

Parity 



Lateral Parity . When data is read from tape, each 
character is parity checked for validity (even parity for 
decimal and odd for binary data). A character (or 
lateral) parity error turns on the LATERAL PARITY 
ALERT light on the tape controller. During writing, 
lateral parity bits are generated as required, placed 
on tape (track P) and checked. See Write Check, below. 

Horizontal Parity . At the end of each record, an 
even check bit is written for each of the seven tracks. 

Thus, the final character of any record is the hori- 
zontal check character composed of the check bits for 
the seven tracks. Horizontal parity is checked when 
either reading or writing and any error is indicated on 
the tape controller by the HORIZONTAL PARITY 
ALERT light. See Write Check, below. 

2. MOD 3 OR 4 . A data word is written as three tape 
characters in the decimal and special binary modes and 
as four tape characters in the binary mode. When data 
is read from tape, a check is made for the correct 
multiple of 3 or 4, depending on the mode. A MOD 
error lights the MOD ALERT light on the tape con- 
troller. Thus, data written on tape in the binary mode 
and read in the decimal mode (or vice-versa) would 
give a MOD error. 

3. WRITE CHECK. All information written on tape is 
checked for correct horizontal and lateral parity by a 
read head physically separate from the write head. 
An error turns on the LATERAL PARITY ALERT or 
the HORIZONTAL PARITY ALERT. 

4. CONTROLLER N REGISTER MEMORY REQUEST 
ERROR . The input/output register (displayed as the 
N register on the controller display panel) in the tape 
controller can store only one word of information at 
a time. Note: this N register is a 21-bit register in 
the tape controller and not the 6-bit N register in the 
central processor. 

If, during a tape read operation, a request for memory 
access is not granted, data in the controller N register 
is written over by the next word read from tape. If 
a request for a memory access is not granted during 
a write operation, a word from memory does not get 
to the controller in time to be written on tape so that 
data in the controller N register is written on tape 
twice. Either of these conditions turns on the MEMORY 
ALERT light on the controller display panel. 

Note that the magnetic tape test-and-branch instruc- 
tions BCS BIO (branch on input/output buffer error) 
and BCS BIC (branch on input, output buffer correct) 
test for two conditions of the tape contrt )ler input, 
output register. The first condition concerns the 
granting or not granting of memory requests; a memory 
request error is indicated by a MEMORY ALERT light 
on the controller display panel. The other condition 
concerns a parity error on a data word from memory; 
a parity error on a data word is indicated by the N 
REG ALERT light, as discussed, below. 
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5. PARITY ERROR IN THE CONTROLLER N REG- 
ISTER . When writing on tape, the parity of a data 
word from memory is checked. A parity error turns 
on the N REG ALERT light on the controller display 
panel (a parity error caused by instruction words 2 
aiiu u also turns on the n m^eikj r\uiui.\. x xigm., in audi- 
tion to the ALERT HALT condition discussed above). 

6. ALERT HALT . Any of the conditions previously 
discussed under ALERT HALT also turns on the 
ALERT ON LAST RECORD light. 

Parity and other such errors are detected while reading 
or writing tape. These do not cause an alert halt, but 
do give an indication on the tape controller display 
panel that a specific error has occurred on the last 
record. These errors can be detected underprogram 
control by means of the magnetic tape test-and-branch 
instructions. 



I/O - Contains the bits 00 for all input/output com- 
mands. 

Plug - Contains code for the controller address to be 

used (0-6). I 

Word No 1 is the SEL command which clears any error 

K^Kfii\AM.*.x\jiio i.i.\jlii Apxc vxv^UD upci dLlUil \CAUcpcciii n.i^lLi\x 

HALT which requires manual intervention) and selects 
the specified tape controller. 

Examnle of GAP Codine with Tane Controller on Plusr 2: 







Symbol 


Opr 






Operand 






N 


t 1 2 1 3 1 4 j 5 1 6 


8 1 9 j 10 


- 


1 3 ! 


I 4 i 1 5 1 6 i t 7 


1 e 


1 9 


' 




S ,E L 


2 









In addition to a parity check on data transfers between 
memory and the controller, instructions can be used 
to test for a horizontal or lateral parity error occur- 
ring on a data transfer between magnetic tape and the 
tape controller. 



MAGNETIC TAPE INSTRUCTIONS 

Each of the two basic GE-225 tape sub-systems, Fig- 
ure 8-9, require three instruction words to perform 
an operation by a tape handler. The format of the 
instructions is essentially the same for either tape 
sub- system. 



Word No 2: 



GE Tape 
Sub-System 


Transfer 
Rate (KC) 


Density 
(BPI) 


Tape 

Speed (IPS) 


TA 225 


15 


200 


75 


TB 225 


15/ 

/41.6 


200 
555.5 


75 



Figure 8-9. GE Magnetic Tape Sub-Systems 
Word No 1: 



S-4 


5-6 


7-8 


9 


10-13 


14 


15 


16-19 


Gen 


Index 


I/O 


Not 
Used 


Plug 


Not 
Used 


Gen 


Not 
Used 



Gen - Word No. 1 is the general instruction SEL 
which is the same for all input/output com- 
mands. The SEL command is octal 2500P20. 

Index - Address of index register when used, other- 
wise 00. 



S-4 



T-C 



19 



M 



TC - Contains the code for the specific tape command 
to be performed (write, read, etc.). 

M - Starting address mmemory where information is 
to be stored or extracted. 

The second instruction word specifies the desired tape 
operation and, in the case of readorwrite operations, 
indicates the memory address involved. 

This word cannot be indexed. Also, GAP manipulates 
the GAP coding to form the word shown above. An ex- 
ample showing the GAP instruction line is given below. 

P = Plug 2 

M = Memory Location 1000 
T = Tape Handler 4 



GAP Coding: 








Symbol 


Opr 


Operand 


X 


I ! 2 i 3 i 4 1 5 ! 6 


6 , fl .' 1 C 12 


I3i14il516;i7jl8i 


13 2 




S E L :2 1 




W T D 1 





4 


1 



The information contained in line 2 specifies the tape 
handler that is to be used. However, the tape handler is 
not part of instruction word 2, as generated by GAP. 
Instead this is made a part of GAP word 3. 






p r^^ Cr^ rp 
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Tape instruction word 3 for the magnetic tape sub- 
systems, as generated by GAP, contains the following 
information. 



The SEL P instruction clears previous error con- 
ditions (except ALERT HALT) and selects the desired 
magnetic tape controller P. 



Word No 3 15 kc Tape Sub-Systems : 




T - Tape handler to be used (0-7). 

N - Maximum number of words read or written. 



GAP Coding: 



P = Plug 2 

M = Memory Location 1000 

T = Tape Handler 4 

N = 200 Words 





Symbol 


Opr 




Operand 


1 X 


! ! 2 , 3 4 : S ' 6 


. , s ,. 


12 ; 1 3 


■i^jisiejiTiis 


i 19 ! 2 •< 




SEL 


2 










w T n 


1 





4 








2 







■ 1 



The information of line 3 on the coding sheet and the 
tape handler number of line 2 are used by GAP to 
generate word 3. 



In summation, the three basic instructions that the pro- 
grammer must provide for each magnetic tape reador 
write operation will assume the following form: 



The CCC (line 2) represents the three-letter mnemonic 



The M (line 2, operand field) indicates the starting ad- 
dress for reading and writing operations. For non-read 
and non-write operations, such as backspace BKW and 
write end of file WEF, the operand field is blank. 



The T (line 2, column 20) specifies the desired tape 
handler. 

The N (line 3) specifies the number of words to be read 
or written. 



Tape Movement Instructions 



The GE-225 tape sub- systems can, during forward 
tape movement, either read or write information in 
the decimal, binary, or special binary modes. Inter- 
mixed reading and writing instructions should not be 
programmed on on^ tape handler. 



FORWARD TAPE MOVEMENT; 



The GE-225 tape sub-systems can, during forward tape 
movement, either read or write information in the 
decimal, binary, or special binary modes. 



WTD M T 
(Blank) N 



02MMMMM 

TTNNNNN 



Word Times: 2 



Functional Description: WRITE TAPE DECIMAL. The 
number of decimal words specified by N, starting from 
location M, are written by magnetic tape handler T. 



Symbol 


Opr 




Operand 




X 


^ ■ 2 \ 3 4 5 ; 6 


8:9:10 


12; .3 


1 4 i 1 5 1 1 6 1 1 7 


18 


19 20 




SEL 


P, 










CCC 


M 






;T 




i N. , , . , i 




,1 







WTB M T 03MMMMM Word Times: 2 
(Blank) N TTNNNNN 



Functional Description: WRITE TAPE BINARY. The 
number of binary words specified by N, starting from 
location M, are written by magnetic tape handler T. 
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WTS M 
I (Blank) N 



23MMMMM 

TTNNNNN 



Word Times: 2 



GAP Coding : 



Functional Description : WRITE TAPE SPECIAL BIN- 
ARY MODE. The number of words specified by N, 
starting from location M, are written by magnetic tape 
handler T. Bits 2 through 19 of each word are written 
on tape exactly as they appear in memory (zone bits 
are not altered). 



RTD M 
^BTank) N 



04MMMMM 

TTNNNNN 



Word Times: 2 



Functional Description : READ TAPE DECIMAL. A 
maximum of N decimal words is read by magnetic tape 
handler Tandplaced in memory, starting at location M. 






/.^,ow. ■ *^pr 




Ooerdna 




„ ' - - ! ■ ' 




: , : , . .,:.,> 




S E L 1 








W T D 1 








1 


1 



















Resulting GAP 
Assembly: 

Location 
in Octal 

02757 
02760 
O276I 



Contents 
in Octal 

2500120 
0201750 
02001 if '+ 



GAP Coding 

SEL 1 
WTD 1000 
100 



RTB M 
(Blank) N 



05MMMMM 
TTNNNNN 



Word Times: 2 



Functional Description: READ TAPE BINARY. A 
maximum of N binary words is read by magnetic tape 
handler T and placed in memory, starting at location 
M. 



RTS 
(Blank) 



M 
N 



25MMMMM 
TTNNNNN 



Word Times: 2 



Functional Description : READ TAPE SPECIAL BIN- 
ARY MODE. A maximum of N words is read by mag- 
netic tape handler T and placed in memory, starting 
at location M. A data word from tape is stored in bit 
positions 2 through 19 of a memory location just as it 
appears on tape (zone bits are unaltered). 



WEF 



0200000 

TTOOOOO 



Word Times: 2 



Functional Description : WRITE END OF FILE. The 
end-of-file character (OOOilll) and end-of-file gap are 
written on tape by magnetic tape handler T. 



Comments : These instructions cannot be automatically 
modified. Also, they must always be preceded by a 
select (SEL) instruction. 



Example 1 : Write on magnetic tape, in the decimal 
mode, 100 BCD words from memory starting at loca- 
tion 1000. Use tape handler number 1 on the tape 
controller connected to controller selector plug 1. 



Example 2 : Read in the decimal mode from magnetic 
tape 100 BCD words into memory address 2000. Use 
tape handler 1, plug 1. 

GAP Coding: 



--• 


---'"-'-- 


^u( 






Ooerjind 


' 


■ - 










. 




SEL 


1 










RTD 


2 








1 







1 





















Resulting GAP 
Assembly: 

Location 
in Octal 

03000 
03001 
03002 



Contents 
in Octal 

2500120 
0403720 
0200l4it 



GAP Coding 

SEL 1 

RTD 2000 
100 



Example 3 : Write an end-of-file record on tape using 
tape handler 4, plug 2. 






^Vn.Ci,. 


1 Opr 






Ooerand 


^ 


- * H 


• ■ ! ■ • 


.3 


1 .! 1 ^. , ■, Z. \^ 


:-, 1 . - 


,S E 


L .2 








- 


W E 


F 






4 













r7^ 


r^ 


rp^, i"7^, [7^ 




h 

s. 


// /z ;;i 1 

L^ 1 1 "O^ 
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Resulting GAP 
Assembly: 

02000 
02001 
02002 



2500220 
0200000 
2100000 



SEL 2 

WEF 



Note particularly that GAP has generated the third in- 
struction word. 



BACKWARD TAPE MOVEMENT; 



BKW 



T 1600000 

TTOOOOO 



Word Times: 2 



Functional Description : BACKSPACE AND POSITION 
WRITE HEAD. The tape on magnetic tape handler T is 
back-spaced one record and the write head is posi- 
tioned to write. This command must not be followed 
by a read command on the same tape handler until 
a write command has been executed. 
Comments : If the lasttapeoperationperformedon the 
specified handler was a write operation, read tape 
backward commands cannot be performed on this 
handler. 



The GE-225 tape sub-systems have instructions that 
result in a backward tape movement. Data can be read 
but not written during backward tape movements. 



RBD M 
(Blank) N 



14MMMMM 

TTNNNNN 



Word Times: 2 



Functional Description : READ BACKWARD DECI- 
MAL. Decimal information is read from tape moving 
backward. A maximum of N words is read into mem- 
ory, the first word being placed in location M. The 
second word is placed in M minus 1 and so on until N 
words are read. The tape controller alters the zone 
bits of characters read so that they conform to GE-225 
internal BCD characters. 



RBB 

(Blank) 



M 



15MMMMM 

TTNNNNN 



Word Times: 2 



Functional Description : READ BACKWARD BINARY. 
Binary information is read from tape moving backward. 
A maximum of N words is read into memory, the first 
word being placed in location M. The second word is 
placed in M minus 1 and so on until N words are read. 



RBS M 

(Blank) N 



35MMMMM 

TTNNNNN 



Word Times: 2 



Functional Description: READ BACKWARD SPECIAL 
BINARY. Information is read from tape moving back- 
wards. Bit positions 2 through 19 of each word read 
are placed in memory exactly as on tape (zone bits are 
not altered). A maximum of N words is read into mem- 
ory, the first word being placed in M. The second word 
read is placed in M minus one and so forth until N 
words are read. 



RWD 



T 2000000 
TTOOOOO 



Word Times: 



Functional Description : REWIND. Rewind magnetic 
tape handler T to leader. 



Since a BKW command is used to move a specified 
tape handler backward one record and position it for 
rewriting a record, this command cannot be followed 
by a read instruction. The programmer must exercise 
caution in using the BKW command because, if the 
record being backspaced is less than 24 words in 
length, the record may be ignored and the tape will be 
backspaced over the preceding record also, regardless 
of its length. A subsequent write ope ration would then 
destroy this record. In addition, a write operation 
following a BKW command elongates the IRG by 
approximately 0.20 inch. 

Backspace and Reread One Record. Backspacing and 
positioning for re-reading a record can be accom- 
plished by using a read backward command withN set 
equal to zero. 



Example 1 : 
head. 



Backspace one record and position the read 



GAP Coding : 



Symbol 


Opr 


Operand 




! X 


1 j 2 ! 3 1 4 j 5 1 6 


a 1 9 1 1 


12ll3l»4jt5|l6i17 


X a i 


9 t 3 ■> 




SEL 


T ^ - 1 




R R D 


1 0, 




.. 
















Tape Movement Residue Word 



After a magnetic tape read operation on any GE-225 
tape sub-system, a residue word is generated that con- 
tains information as to the number of words in the 
record just read. The location of the residue word and 
its contents are as described below. 

Reading Tape Forward . After forward reading N words 
from magnetic tape in the decimal, binary or special 
binary modes starting at location M, memory location 
M + N (the residue word) contains zeros if exactly N 
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words were read from a tape record containing N 
words. For example, if M is 500 and N is 50 and the 
record read contains 50 words, the information is 
stored in locations 500 through 549 and location 550 
contains all zeros. 

If the number of words contained in the record is less 
than N then onl^' that number of words is stored in 
memory. The two's complement of the difference (N 
minus record length) is stored in memory cell M + N 
with a 1-bit in the sign position. For example, if M is 
0500 and N is 50, hut the record read contains only 
30 words, the information is stored in memory cells 
0500 through 0529 and the two's complement of the 
difference, 20 (N minus record length), is stored in 
memory cell 0550 (M + N) with a 1-bit in the sign 
position. 

If the number of words in the record is greater than N, 
only N words are stored in memory, and the number of 
excess words (record length minus N) is stored in 
memory cell M + N, with a 0-bit in the sign position. 
For example, if M is 0500 and N is 50 but the record 
length is 75 words, information is stored in memory 
locations 0500 through 0549 and the increment 25 
(record length minus N) is stored in memory cell 0550 
(M + N) with a 0-bit in the sign position. The tape 
controller remains busy for the time required to read 
the record; i.e., the IRG is reached. 

Exdiiiplc . Two liUiiurcu woTus Ox a Cicciiuai Lapc rccorn 
are read into memory starting at location 2000. Tape 
handler 3 on tape controller 1 is used. 

GAP Coding : 



-J v..tw,t*; 


0(,i 


1 




Operanu 






, . i 


. ; ! i ;: 


. 3 


■■ ri ; 1 5 ■ ; , 5 7 




a • 




S E 


I. 1 













R T 


D 2 










3 




2 























The residue word is in memory location (M + N) which 
equals 2000 + 0200, or 2200. Three conditions can exist 
as shown by the chart below. 



risk of destroying the contents of a memory location 
vital to successful operation of his program. 

Reading Tape Backward . In reading tape backward, the 
first word read is placed in M, the second word is 
placed in M minus I, the third in M minus 2, etc., 
until N words are read or, if the record read is less 
than N words, until the entire record is read. 



After backward reading of N words from magnetic tape 
in the decimal, binary, or special binary modes starting 
at location N, memory locationM -N contains zeros if 
exactly N words were read from a record containing N 
words. For example, if M is 0500 and N is 50 and the 
record read contains 50 words, the information read is 
stored in memory locations 0451 through 0500 and 
location 0450 (M - N) contains all zeros. 



If the number of words contained in the record is less 
than N, then only that number of words is stored in 
memory and the two's complement of the difference 
(N minus record length) is stored in memory cell 
M - N with a 1-bit in the sign position. For example, 
if M is 0500 and N is 50 but the record length is only 
25 words, only the record is stored in memory in 
locations 0476 through 0500 and the two's complement 
of 25 (N minus record length) is stored in location 0450 
(M - N), withal -bit in the sign position. If the number 
of v/ords in th*^ r'^'^'^rci is'^r^atcrthan^T onlv ^ \vords 
are stored in memory and the number of excess words 
(record length minus N) is stored in memory cell 
M - N with a 0-bit in the sign position. For example, 
if M is 0500 and N is 50 but the record length is 75 
words, only N words are stored in memory locations 
0451 through 0500 and the difference (record length 
minus N) is stored in memory cell 0450 (M - N) with 
a 0-tait in the sign position. The tape controller re- 
mains busy for the time required to read the entire 
record. 

Example : Two hundredwords of a decimal tape record 
are read into memory starting at 2000 by a read back- 
ward instruction. Tape handler 3 on tape controller 1 
is used. 

GAP Coding : 



Condition 


Record 
Length (R) 


Octal Contents 
of 2200 (M + N) 


R = N 
R>N 
R< N 


R= 200 
R= 250 
R= 100 


0000000 
0000062 
3777634 



The programmer must allow for this residue word when 
reading records into memory. Otherwise, he runs the 



s^ 


E. 


..L_ 








^■.i-.rt...i 




-- 


,1 


— - 














R 


„B 


D_ 


2 













3 








2 


Q 













The residue word is in memory location (M - N) which 
is 2000 - 200, or 1800. Three conditions can be indi- 
cated by the contents of the residue word as shown. 






7^ t,n^ffir7=' 
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Condition 


Record 
Length (R) 


Octal Contents 
of 1800 (M-N) 


R = N 
R> N 
R<N 


R = 200 
R = 250 
R = 100 


0000000 
0000062 

3777634 



The residue word resulting from a tape read ope ration 
provides the programmer with a means of determining 

the actual number of words read into memory and thus 
also provides a way of determining the actual record 
size, if desired. 



Magnetic Tape Interrogation Commands 



BCS 



BEF 



2514P21 



Word Times: 2 



Functional Description : BRANCH ON END OF FILE. 
The tape controller P is tested for end-of-file indi- 
cator ON. 



BCS 



BNF 



2516P21 



Word Times: 2 



Function al Des cription : BRANCH ON NO END OF FILE, 
The controller P is tested for end-of-file indicator 
OFF. 



BCS 



BET 



2514P22 



Word Times: 2 



Functional Description : BRANCH ON END OF TAPE. 
The controller P is tested for end-of-tape indicator 
ON. 



Before attempting to perform a magnetic tape oper- 
ation, it is essential that the programmer interrogate 
the magnetic tape controller as to its status: whether 
it is busy or whether a particular condition occurred 
during its previous operation. Test-and-branch in- 
structions can be used by the programmer to indicate 
the controller status. 



BCS 



BNT 



2516P22 



Word Times: 2 



Functional Description : BRANCH ON NO END OF 
TAPE. The controller P is tested for end-of-tape 
indicator OFF. 



Test-and-Branch Instructions . Normally, the SEL in- 
struction selects the particular controller desired, 
while codinglinestwoandthreeof the instruction group 
then tell what is to be done by the peripheral unit 
connected to the controller. However, before these 
instructions can be programmed, it is a good pro- 
gramming convention always to precede the SEL with 
a test for ready condition. These test-and-branch 
instructions are performed by executing a BCS 
command specifying the particular test condition 
desired. 

The foiiowing instructions test to determine whether 
a specified magnetic tape controller coni^ition is true 
or false. If the condition tested is true, the computer 
executes the next sequential instruction. If false, the 
computer executes the second sequential instruction. 
These instructions apply to all GE-225 magnetic tape 
sub-systems. 



BCS 



BPE 



2514P24 



Word Times: 2 



Functional Description : BRANCH ON TAPE PARITY 
ERROR. The controller P is tested for parity error 
indicator ON. 



BCS 



BPC 



2516P24 



Word Times: 2 



Functional Description : BRANCH ON TAPE PARITY 
CORRECT. The controller P is tested for tape parity 
error OFF. 



BCS 



BIO 



2514P25 



Word Times: 2 



Functional Description : BRANCH ON INPUT/OUTPUT 
BUFFER ERROR. The controller P is testedfor input/ 
output buffer error indicator ON. 



BCS 



BTR 



2514P20 



Word Times: 2 



Functional Description : BRANCH ON TAPE CON- 
TROLLER READY. The tape controller P is tested 
for the ready status. 



BCS 



BIC 



2516P25 



Word Times: 2 



Functional Description : BRANCH ON INPUT/OUTPUT 
BUFFER CORRECT. The controller P is tested for 
input/output buffer error indicator OFF. 



BCS 



BTN 



2516P20 



Word Times: 2 



Functional Description : BRANCH ON TAPE CON- 
TROLLER NOT READY. The tape controller P is 
tested for the not ready status. 



BCS 



BME 



2514P26 



Word Times: 2 



Functional Description : BRANCH ON MOD 3 OR 4 
ERROR. The controller P is tested for modulo 3 or 4 
error indicator ON. 






!/ // U^ 
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BCS 



BNM 



2516P26 



Word Times: 2 



Ftuictional Description : BRANCH ON NO MOD 3 OR 4 
ERROR, The controller P is tested for modulo 3 or 4 
error indicator OFF. 



BCS 



BER 



2514P27 



Word Times: 2 



Functional Description : BRANCH ON ERROR. The 
controller P is tested for error indicator ON. 



BCS 



BNE 



2516P27 



Word Times: 2 



Functional Description: BRANCH ON NO ERROR. The 
controller P is tested for error indicator OFF, 

In tape sub-systems, the error indicator is turned on 
by: 

1. A tape parity error 

2. l/O buffer error 

3. MOD 3 or 4 error 

These conditions would be detected by a BCS BER in- 
struction, although the specific error or errors would 
not bp IHentified, Once an error is detected, it ran be 
specifically identified by testing for individual error 
conaitions. it should be noted that 

End of File 

End of Tape 

Tape Rewinding 

conditions would not be detected by the BCS BER com- 
mand, but must be tested individually. 



BCS 



BRW 



2514P23 



Word Times: 2 



Functional Description : BRANCH ON TAPE REWIND- 
ING. The controller Pis tested for tape rewinding con- 
dition only. 



BCS 



BNR 



2516P23 



Word Times: 2 



Functional Description : BRANCH ON NO TAPE RE- 
WINDING. The controller P is tested for tape not 
rewinding only. 

The programmer must be aware that a rewind instruc- 
tion for any tape handler onacontrollerputs that con- 
troller in the not-ready status for 250 microseconds, 
after which the controller returns to the ready status 
even though the tape handler is still rewinding. A read 
or ^vrlte insti-uction can then be given to any tape unit 
that is not rewinding. The controller indicates when 



one or more tape units is rewinding for the entire re- 
wind operation. Addressing a rewinding tape unit to 
read or write causes an ALERT HALT condition. 

Thus, a rewind interrogation of a tape controller will 
indicate that a tape is rewinding without specifying 
which particular tape handler. 

Example 1 ; Test Upe controller 1 for ready status. 

GAP Coding : 



Symbol 



Opr 



Operand 



B I 9 , 1 



12i 13 (4jI5il6.t7,18'J9'20 



B C S IB T N 



B R U i* 



SEL 1 



Comments : The BCS command above interrogates the 
controller on plug 1. If the controller is not ready, the 
computer executes the next sequential command which 
is a branch back to the BCS command. Thus, a delay 
is effected until the controller becomes ready at which 
time the SEL command is executed and a tape operation 
can be performed. 

Whf^p 3 ni<t,s^n6tic taop controller is tested .ind found *'^ 
be ready, or not busy, any tape handler connected to it 
can De addressed bv a read, write read backward's or 
rewind instruction, unless the tape handler already is 
rewinding. Tape handlers that are rewinding should not 
be addressed until the completion of the rewind oper- 
ation. 

A read, write, or read backward instruction puts the 
controller in the not-ready, or busy, status until the 
completion of the operation. A rewind instruction puts 
the controller in a not-ready status for 250 micro- 
seconds, after which the controller returns to the ready 
status. A read or write instruction can then be given 
to any tape handler that is not rewinding. The con- 
troller indicates that one or more tape handlers are 
rewinding for the entire rewind ope ration. Addressing 
a rewinding tape handler to read or write causes an 
ALERT HALT condition. 

Example 2 : Test tape controller 1 for any error con- 
dition and branch to an error subroutine to determine 
the type of error, if any exists from the previous tape 
operation. 



GAP Codinc;: 








iyrtiDoi 


Op. 


Operand 


X 


,( \ •[ .\ -i ■ 


" i • i ' 


f^jin '••iisjisiwlibiw 


'- 




BCS 


BER 


1 




^JL...B_JJ^ 


ERROR 













vyjLij 



lp7'i LrTl 17^ 
CiJ L-n Kyj 
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PROGRAMMINQ MAGNETIC TAPE 
OPERATIONS 



Example : Assume that a controller on Plug 1 and tsqpe 
handlers 2 and 3 are being used. 



General Considerations 



Before processing data from magnetic tape, it is good 
programming practice to rewind the tapes that are to 
be used. This safeguards against the possibility of a 
tape not being at load point when processing begins. 
The programmer also should rewind a tape upon com- 
pletion of processing and provide appropriate mes- 
sages to the operator specifying what is to be done 
with the rewound tape. It is also necessary to test 
the magnetic tape controller or controllers for ready 
status before attempting any tape operation. 



Yes 



Example : Flow Chart 




Yes 




_/ Controller \ 
\ Busy ? J 



HOUSEKEEPING: 

Rewind MSTR Tape, 

Controller 1, 

Handler 2. 
Rewind TRANS Tape, 

Controller 2, 

Handler 1. 



Yes 



•c 



I 



No 



Any 
Errors? 



> 



No 



Yes 



'' Magnetic \ 
Tape Error \ 
.Subroutine / 



c 



EOF? 



> 



No 



Continuation 



GAP Coding: 



EOF 
Subroutine , 



SynlHl Op. Opnxd . K 1 IIMAMn | 




a.T ART 8 C S 


B TN _ __ _. i CSECK FOR CONTHOLLEB 1 READY 1 






B £ L 1 1 , SELECT C0NTROLL.EH 1 








B r S jB T N a , rHFPK rONTROr.l KR 2 RKADV 








S £ L 






B W D 


1 BEWtND TAPE HANDLER 1 









GAP Coding: 



After performing a tape operation on a controller and 
before using the controller for another operation, tests 
must be made to determine if the operation was 
successful or if any condition such as end-of -file, end- 
of-tape, etc., occurred. It is essential that these tests 
be made before another SEL command is executed 
since this instruction clears the controller. 



1 . CHECK fOK COtmiOLLER BUST 



_flELBCT COH TROmBfl 



; R T D j A R ■ A * 1 



. pgAD MSTB RECORD 



. B C 8 B g R 



a R U|B R R O R 



__CaECK rOBJtEAD E RROR _ 
OOTO ei^R SUBRCXrnHE _ 



B R D E O r 



Ik] 
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Any error occurring during the read operation in the 
example would cause a branch to a sub- routine to 
determine the type of error and the corrective action 
necessary, 

Reading and writing operations can be performed 
simultaneously only when two or more tape controllers 
are available. A'^'ain each operation must be tested 
by the programmer for any errors or other conditions. 

Example 1 : Assume MSTR tape on controller 1, tape 
handler 1; TRANS tape on controller 2, tape handler 1. 



Flow Chart 



GAP Coding: 
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II 


_E. 


R R 
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1 




1— 1 





Yes 



y Controller 1 ^ 
• y Busy? J 




MSTR \ 
(Record into) 




<: 



Yes 



Controller 1 N 
Busy ? J 



No 



(Any Errors 
on 1? 



> 



No 



/ Error 
\ Subroutine 



lYes/ ^'Controller 2^» 
Busy? J 

il No 
Yes / Any Errors 



Error 
Subroutine 



on 2? 




Continuation 



Example 2: At the conclusion of processing an old 
master file on controller 1, handler 1 and creating a 
new master file on controller 2, handler 1, write an 
end-of-file record on the new master and rewind both 
tapes. 

GAP Coding: 



-■^H.R Ui* . I.. 



C8XCK cctnuai -ixR *■• hijsv 



SELEC T CON TROLLER #1 

I REwmr. Tiiii ii 



5 a 



LiiiiiiJit CUJiiHOl.i.r.Rml pjiav _ 



_B_C S B T H 
, B R Tt « - 1 



sgLE CT CONTRQUj;Rja_ 
_L_gBITE EOF COiTV tl 



-,JL_DELAY FOR E OF COMPLET ION , 



. 5 * 
- ^ 5 , i a. 

^_B fl 

.-.JL 7 

9 •. 9 

^-5- 8 a 



, _.e_ 1 



l^_BnUND_TU_tl . 



Multi-Reel Fllp-Flops 



The use of magnetic tapes implies files of great size, 
and in many applications a file consists of more than 
one reel of tape. Thus, whenever the end of a tape or 
the end of a file is reached, the tape reel must be re- 
wound, removed, and replaced with the next tape to be 
processed. To maintain the continuity of the running 
program, it is worthwhile to program an immediate 
switch, or alternation, from the just-completed tape to 
a succeeding tape (already mounted on another tape 
handler). This is accomplished by a technique called 
flip-flopping of multireel tape files. 



This technique permits the mechanical rewind and 
manual removal of the completed tape to proceed en- 
tirely independent of further processing. If sufficient 
tape handlers are not available to permit such con- 
venient switching of all files, then the most extensive 
files should be given priority in the allotment of tape 
handlers. 
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As e35plained earlier, the actual number of the tape 
handler (T) to perform a specified operation appears in 
bit position through 4 of the third coding line. The 
tape handler is selected according to the following 
formats: 



Handler Number 


1 
2 
3 

4 
5 
6 
7 



These configurations make flip-flopping of multireel 
tape files relatively easy. It is only necessary to load 
the third instruction word of a magnetic tape instruc- 
tion into the A register, change the sign and store the 
word back into memory. 

For example, assume a multireel file is placed on tape 
handler 1 and the second reel on tape handler 5. When 
the end-of-file indication is reached on the tape on 
tape handler 1, the third word of the instruction is 
loaded into the A register, the sign changed, and then 
stored in memory as the third word of the tape instruc- 
tion. The same technique can be usedfor the following 
tape handler combinations: 



Bits 0-4 


Octal Code 


00001 


01 


00010 


02 


00100 


04 


01000 


10 


10001 


21 


10010 


22 


10100 


24 


11000 


30 



time consumed processing tape data is directly af 
fected by the arrangement of the data records on the 
tape. For example: 



Tape A - 24 Word BCD Records, 15 kc Tapes 



Record 

#1 


IRG 


Record 

#2 


IRG 


Record 

#3 


IRG 


Record 

#4 



The tape time involved in reading these records is 
calculated by the following timing formula. 



3RW 
K 



+ (R-1) S 



Where 



R = No. Records 

W= Words per Record 

K = Tape transfer rate in kc 

S = Start- stop time in IRG 



This equation applies only for tapes with BCD data. 
For binary tapes the expression (3RW) should be 4 RW. 

For tape A, the tape time for reading the data is: 

3 X 4 X 24 



15000 



+ 3 (.012) = . 0552 Sec . 



0*- 



-►4 



This time is based on a start-stop time in the IRG of 
12 ms for both the high-density and the low density 
magnetic tape sub-systems. 



!♦- 



2-*- 



3'^ 



-».5 



-►6 



-*-7 



If the data on tape A were written on tape B as a 
blocked record as shown below the time to read the 
data is: 



Thus, if a spare tape handler is available during a given 
program run, the flip-flopping of handler numbers of 
all tape instructions related to a given multireel file, 
after an end-of-file condition, allows the program to 
continue uninterrupted while the 'used up' reel is re- 
winding. 



Processing Magnetic Tape Records 



^.^.}J. ^^ ^■ -012 = . 0312 Sec . 
15000 ==^= 



Tape B 



#1 


#2 


#3 


#4 


IRG 


I 






> 





One record on tape 



Since the GE-225 is a buffered computer, itis capable 
of performing simultaneous peripheral operations. 
This is of particular importance in processing mag- 
netic tape data in that reading and writing can be done 
simultaneously with two tape controllers. However, the 



The time saved in reading the data from Tape B as 
compared to Tape A is due to elimination of three in- 
ter-record-gaps due to the blocking of four records into 
one. Blocking of records can result in considerable 
reduction in tape processing time. 
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Record Documentation 



Adequate record documentation on the part of the sys- 
tems designer or the programmer helps reduce pro- 
gramming costs, machine time needed for debugging, 



and file maintenance costs. Figure 8-10 illustrates a 
record layout sheet for systems designer orprogram- 
mer use. Documentation of this type provides a clear 
description as to the contents of a record, the size of 
each individual data field, and the size of the record 
itself. 



#2 Inventory Control 



GENERAL@ELECTRIC 



1/30/63 



FILE, INV MSTR '°pr„"Sr"' PRORRAMMFR, GE Coder 

RECORD TYPE: BCD GE 225 MAGINETIC TAPE RECORD LAYOUT SHEET page 1 of 20 
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Figure 8-10. Sample Magnetic Tape Record Layout Sheet 
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SECTION IX 



HIGH SPEED PRINTER OPERATIONS 



Two high-speed printers are available for use with the 
GE-225 system. One printer (Model 4WP225A) is for 
on-line operations only and accesses data from core 
memory in the central processor. The other printer 
(Model 4WPA690) operates both on-line and off-line. 
During off-line operation, a separate core memory 
within a special magnetic tape controller is used. Both 
printers operate similarly when on-line, except that 
Model 4WPA690 has more powerful field-spreading 
ability. With the exception of some indicator lights, 
the physical characteristics of the two high-speed 
printer models are basically the same with respect to 
printing speed, slewing speed, printable characters 
and paper specifications. The off-line operation of 
Model 4WPAbyo is discussed later in the section. 

Paper Forms . Minimum paper width for a printed 
document is 3-1/2 inches; maximum width is 16-1/2 
inches. Maximum form length is 22 inches. During 
any printing operation, up to 5 copies can be made, 
depending upon the weight paper used. 



ON-LINE PRINTER OPERATIONS 



The high-speed on-line printer is an output device 
operating through the controller selector. It is capable 
of single-line printing at a rate of 900 lines per minute 
for either numeric or alphanumeric data. By means 
of printer controllers operating through the controller 
selector, high-speed printer operations can occur 
simultaneously with the processing of other infor- 
mation in the central processor. 

A print line can contain up to 120 alphanumeric 
characters which may occupy more than 40 consecu- 

Live h><^u wuruo ill iiiciiiuiy, .fi icsDci' iiuixiuci' kjx 

Printline characters require fewer memory locations. 

Printing is executed by a revolving drum (120 print 
wheels locked together) and hammer-firing mechanism 
which can print up to 50 different characters. These 
include 26 alphabetic, 10 numeric, and 14 special 
characters as shown in Figure 9-1. All printing is of 



the open Gothic type font at 10 horizontal characters 
and 6 lines per inch. 



HIGH 




SPEED 


BCD 


PRINTER 


MEMORY 


SYMBOLS 


(OCTAL) 


A 


21 


B 


22 


C 


23 


D 


24 


E 


25 


F 


26 


G 


27 


H 


30 


I 


31 


J 


41 


K 


42 


L 


43 
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44 


N 


45 


O 


46 


P 


47 


Q 


50 


R 


51 


S 


62 


T 


63 


U 


64 
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65 
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66 


X 


67 


y 


70 


z 


71 
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SPEED 
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PRINTER 


MEMORY 


SYMBOLS 


(OCTAL) 





00 


1 


01 
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02 
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03 


4 


04 


5 


05 
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06 


7 


07 
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10 


9 


11 


+ 


20 


- 


40 
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60 


/ 
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# 
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@ 
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33 


$ 


53 


* 
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73 


% 


74 


c 


75 


] 


76 


End-of- 


37 


Line 





Figure 9-1. High-Speed Printer Character Set 
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The high-speed printer provides horizontal and ver- 
tical format control and, through programmed format 
instructions, the printer controller automatically edits 
each horizontal print line. After each line is printed, 
the paper is advanced one line under program con- 
trol. However, if more than one line is to be spaced, 

r>r« ol£ntTi^H -t-Vti e^ /-in>-» 'V^n vs *» .-n jt-** o *■>-» r*^ '^ '^ ««,^rw —,-.4.^1,, ^-« 
V* kjxc vy »-v*, L~iix£3 \^a.ix yjc pi w^x £LiIiIiit::;u ociJ<ai <n,dY Ul' 

performed automatically as part of the print instruc- 
tion. Vertical slewing can be accomplished by either 
the countdown method or by slewing to a particular 
channel of the printer punched tape format loop. 
Slewing speed is 25 inches per second. 

Printer Controllers . All printing operations are con- 
ducted by printer controllers. Each controller com- 
municates with the central processor core memory 
through the controller selector. A GE-225 system can 
have up to eight printer controllers connected to the 
controller selector. However, unlike the magnetic 
tape controllers, only one high-speed printer can be 
connected to any one printer controller, Figure 9-2. 
The controller allows printing operations to occur 
simultaneously with central processor computations. 



CORE 

MEMORY 



I 



CONTROLLER 
SELECTOR 



PRINTER 

CONTROLLER 



HIGH 

SPEED 

PRINTER 

(ON LINE) 



The controiler serves as the Imk between the core 
memory of the central processor and the high-speed 
printer. It monitors the flow of information between 
memory and the printer, receives and interprets 
printer instructions from the central processor core 
memory, and accumulates and stores printable char- 

mechanism. 

An operator panel on the printer controller. Figure 9-3, 
provides for manual operation of the printer. By using 
this panel, an operator can slew paper or print out a 
central processor memory dump in octal form. 




PARITY ALERT 
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j MANUAL 
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Figure 9-2. High Speed Printer, Controller, and 
Controller Selector 



Figure 9-3. Operator Control Panel 
- High Speed Printer Controller 
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Priority . When operating on-line with other GE-225 
peripheral units, a high-speed printer is granted 
access to memory according to its priority level in the 
controller selector priority interrupt system. This 
level is pre-established within a GE-225 system by 

piUf^ — 111 UUnilCl^ (,*_» 1 O HJ tllC i^V^llLA WAXCX O^L^^^t-yjl. , XliA\_fU^lt 

this priority interrupt system of time sharing, each 

pllilLtfi. ouiiLiuis iLacii \iiix\ju^ii Liic 1 c;o^i?«^Li vc: pi X11LC:X 

controller), executes its own instructions and thus 
permits printing operations to occur simultaneously 
with central processor computations. Normally the 

UAXllk^A \^V/11(.X VyXXV^ X V^ V^ ^< l^p X ^ hJ pXkA^ \J y\JKi^J VA bk^V/ A\,r (T \^ A 

priority plugs) because the printer can afford to wait 
for priority without a loss of information. 



Controller Data Flow 

During all on-line high-speed print operations, data is 
sent to the printer controller from the central pro- 
cessor M register. This register is used for checking 
rv^T*^+TT Qf ea'^h 20— ^^t \v'~'rd ^thr^^ ^'^D '^^^ra^'ters^ as 
it leaves memory. 

Parity is also checked in the printer controller before 
the word is stored in the controller. A controller has 
two 20-bit (plus a parity bit) buffers; one buffer holds 
format line information and the other holds printable 
data as it comes from memory. As shown in Figure 
9-4, these are the format buffer and the data buffer. 
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Figure 9-4. Printer Controller Buffering Diagram 
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The data buffer actually holds 21 bits because data 
and format words entering it are checked for parity 
before being transferred to the printer controller 
120-character core buffer. 



controller check circuits and indicated on the con- 
troller display panels. Program instructions can be 
used to check certain of these conditions. These are 
described under Printer Test-and-Branch Instruc- 
tions. 



By using these buffers and the controller selector 
priority interrupt system, it is possible to time share 
access to memory, fill the printer buffers, and print, 
at the same time allowing central processor com- 
putations. This simultaneous operation of processing 
and printing may require alternate input and output 
areas of memory. 



Checking Features . The accuracy of all information 
transferred between memory and the printer con- 
troller is checked in the following ways: a parity check 
for each word received from memory, end of paper 
detection, and inoperable hammer drive detection. 
Input and buffer errors also are checked by the printer 



Printer instructions always require three lines of 
coding before print operations can begin, although at 
times, only two instruction words are coded by the 
programmer, such as in slewing paper or printing 
without automatic format control. In such cases, the 
General Assembly Program generates the third line 
of coding. 

Figure 9-5 illustrates the bit configurations for each 
of the three required printer instructions. 



WORD 1 
(SEL) 



12 3 4 


5 6 


7 8 


9 


10 11 12 13 


14 


15 


16 17 18 19 


10 10 1 


X X 








P P P P 





1 





General 


Index 


I/O 


nAj 


Controller 
Address 


Not 
Used 


Gen 


Not Used 



Bit positions 7 and 8 are zeros for all Input/Output (I/O) instructions 



WORD 2 



■ octal group- 



- octal group - 



32 






1 


2 


3 


4 


5 


6-19 


l=Print & Slew 
0=Slew only 


1= Format 
0=No 

Format 


VFU 8 


VFU 7 


VFU 6 


l=Numeric 
0=Alpha- 

numeric 


Format 
Address 



-octal group- 
ie 8 



— octal group >\ 

4 2 1 



WORD 3 






1 


2 


3 


4 


5 - 19 


VFU 5 


VFU 4 


VFU 3 


VFU 2 


VFU 1 


Data Address 



Figure 9-5. Printer Instructions 
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WORD ONE . The SEL instruction informs a printer 
controller that it is to be brought 'on-line' to perform 
a print operation. Word one prepares the controller 
to receive instruction words two and three. Bits 10 
through 13 of the word indicate the address (plug) of 
the desired printer controller. 

WORD TWO. This word determines the operation to 
be performed. However, the information contained is 
not complete enough to begin the operation indicated. 
Note: In Figure 9-5, VFU means vertical form.at unit 
ana xs reierreu lu as vru in "ic ucDi;iii;Liuiio uo. 
slewing by countdown and slewing to a channel. 

Bit Position 

If this bit position contains a 1-bit, it indicates a write 
print line (WPL) instruction in which slew operations 
are possible. The slew operation is defined by bits 
2 through 4 of this word and bits through 4 of in- 
struction word three (see Figure 9-5). If bit position 
contains a 0-bit, a slew only operation is indicated, 
with the slew operation defined by the bits mentioned. 

Bit Position 1 



information to be printed is stored (bit 5, word 3). 
The programmer must insure that the information to 
be printed and the format da_ta a.re stored in the same 
half of memory. 



WOkutHke K , 



instruction wora tnree contains 



further information pertaining to the operation that is 
to be performed. This information, in conjunction with 
the second instruction word, is sufficient for the 
indicated operation to begin. 

Bit Positions through 4 

Bit positions through 4 contain the five least-signi- 
ficant bits of the six-bit binary number indicating the 
number of lines to be slewed. The binary values for 
these bits are shown in Figure 9-5. 

Bit Positions 5 through 19 

These bits indicate the starting address in memory 
from which information is to be extractedfor printing. 
The information contained in any such memory lo- 
cation is defined as a data word. 



If this bit position contains a 1-bit, the print operation 
is to be under automatic horizontal format control. 
The location in memory in which the format informa- 
tion is stored is indicated by bits 6 through 19 within 
this word. It bit position one is a 0-bit. printing is 
not done under automatic format control. The address 
of format data, if it were included in this word, would 
be disregarded. 

Bit Positions 2 and 3 

If these bits are both 1-bits, slewing is to be a definite 
number of lines (countdown method) with that number 
indicated by the slew bits that follow (bit position 4 of 
word two and through 4 of word three). If both 
bits are not on, slew is to a hole in the channel indi- 
cated by a bit in one of the VFU positions. 



Bit Position 4 

This is the most-significant bit in a six-bit binary 
number, which is used to indicate the number of lines 
that are to be slewed. This bit has a binary value of 
32. Thus, if a one were placed in this bit position, 
paper would be slewed 32 lines. The five least-sig- 
nificant bits are contained in instruction word three. 

Bit Positions 6 through 19 

These bits contain the fourteen least-significant 
address bits of the location in memory in which for- 
mat data is contained. The most-significant bit of the 
memory address is the same as the most-significant 
address bit of the location in memory in which the 



High Speed Printer Instructions 



WPL Y 



2000000 
OIYYYYY 



Word limes: 2 



Functional Description: WRITE PRINT LINE. One 
line of BCD information, 1 to 120 characters long, is 
printed, starting at memory location Y. The N indi- 
cates that information is numeric BCD only (if N is 
blank, information is alphanumeric). This instruction 
cannot be modified and must be preceded by an SEL P 
instruction which, when it enters the I register, sends 
the two words of the WPL instruction to the selected 
controller P automatically. Since only one word of the 
WPL instruction is shown by the programmer in his 
coding, the General Assembly Program automatically 
generates the third instruction word necessary. 

Example : Print one line of BCD information from 
memory location PRT. Assume that data is in memory 
as required for printing. Printer is on controller 
selector plug 6, Symbolic location PRT is memory 
cell 1000 (1750 octal). 



GAP Coding: 



Symbol 


Opr 


Operand 




: * 


,1 . i 3 ! .! ,| . 


. : . : ,0 


12|l3| 141 »5| 16(17 


le 


19 ) 2 ■) 




SEL 


R 




W P L 


PRT 
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GAP Assembly: 

Octal 

Memory Contents 



! I 1 5 
011 16 
ni 1 1 -7 



2500620 
2600000 



Coding 

SEL 6 
WPL PRT 



Comments : Print line is terminated by a minus sign 
placed in the sign bit of the last word to be printed. 



WFL Y 
(WPL) 



X N 



30YYYYY 
OIXXXXX 



Word Times: 2 



Functional Description : WRITE FORMAT LINE. 
One line of BCD information is printed under format 
control. Y is the starting location in memory of the 
format control words. This instruction should always 
be followed by a WPL instruction to specify the lo- 
cation (X) of the first word of information to be 
printed and whether the information is alphanumeric 
or numeric (N). If N is blank, the information is 
alphanumeric. 

A SEL command must precede this instruction. No 
modification is permissible. 

Example : Print one line of BCD data under format 
control. 



GAP Coding: 



Symbol 


1 Opr 1 


Operand 


• X 


1 ■ 2 1 3 4 ; !5 


6 1 S J 9 10 ! 1 2 I 


13: !» i516.t7|le 


^,'.^' 


is E L; 6 1 




;w F L, F 


R M A T 






iW P Li D 


A T A 




1 : , 1 



GAP Assembly : 

Octal 
Memory Contents 



02120 
02121 
02122 



25OO62O 

360230^1 
0102336 



Coding 

SEL 6 

WFL FORMAT 

WPL DATA 



This instruction must be preceded by an SEL P in- 
struction. Since only one word of the SLW instruction 
is shown by the programmer in his coding, the Gen- 
eral Assembly Program automatically generates the 
second word during the assembly process. 

This instructioii cannot be modified. 

Example: Slew the paper in the HSP 4 lines. I 

GAP Coding : 



Symbol 


1 Opr 






Operand 




X 


t ;; , 3 4 = 


■ "^ j ^ , 3 


1 


■ 


3. 141 J5J 16,17 


18 1 


19 2 ' 




S E 


L 


6 










■S L 


W 


4 








1 



GAP Assembly : 

Octal 
M5H12I2 Co ntents 



021itit 
02145 
02146 



2500620 

0600000 
0400000 



Coding 



SEL 6 

SLW 4 



SLT K 



0X00000 

xxooooo 



Word Times: 2 



Functional Description : SLEW PAPER TO TAPE 
PUNCH. The printer paper is spaced until a hole is 
detected in the vertical format tape. Kis the specified 
tape channel and X, the instruction octal code, varies 
with the channel specified. 



This instruction must be preceded by an SEL P in- 
struction. Since only one word of the SLT instruction 
is written by the programmer in his coding, the 
General Assembly Program automatically generates 
tlie second word during the assembly process 



This instruction cannot be modified. 

Example: Slew the paper in the high-speed printer to 
the punch in vertical format tape channel 6. 



SLW N 



0600000 
NNOOOOO 



Word Times: 2 



Functional Description : SLEW PAPER N LINES. The 
printer paper is spaced N (0-63) number of lines. If 
the number of lines is greater than 31, the high-order 
bits will be in instruction word 1, the low order bits 
in instruction word 2. 



GAP Coding: 



Symbol 




Opr 


j 


Operand 




X 


t . 2 3 4 4 5 


. ! . 


9 


1 ! 1 2 1 I 


3 i 1 4 I »5 


16)17 


16 ) 


i, 12. 




:S 


E 


L 


6 i 




Is 


L 


T 


6 


i i : 1 
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GAP Assembly : 



Octal 
Contents 

0100000 



Coding 



SLT 6 



As a matter of convention, vertical format unit 8 

^V r U O) 111 lliOLJL U\^L1\J11 WV^l.^^ ii lO UDCU AU X iSA^WXli^ tAJ 

the top of the page. 



Printer Test and Branch Instructions 



Example 2: Test the printer controller for ready 
status and, if ready, print a line of data from symbolic 
memory location PRT. If not ready, delay. 



GAP Coding! 



^f.: 




Opt^frtfiu 




= -. • -■ 




, , . ^ , s , , . . , , 




je_j:l..s 


B 


P N 


6 


B R U 


* 


- 1 




S E L 


6 






W P L 


O 


U T P U T 





The following branch instructions test whether a par- 
ticular printer controller condition is true or false. 
If the condition tested is true, the computer executes 
the next sequential instruction. If false, the computer 
skips the next instruction and executes the second 
sequential instruction. 



BCS BPR 



2514P20 



Word Times: 2 



Functional Description : BRANCH ON PRINTER 
READY. The printer controller P is tested for the 



reauy siauuB. 



BCS BPN P 



2516P20 



Word Times: 2 



Functional Description : BRANCH ON PRINTER NOT 
READY. The printer controller P is tested for not 
ready status. 

Example 1 : Test the printer controller for ready 
status and, if ready, branch to symbolic memory lo- 
cation PRT. 



GAP Coding : 





^.«> Op^frftKJ 




- . , , , , - , . i 4 ! J .... n , 




BCS BPR 


6 


B R U PRT 






GAP Assembly : 



Octal 






Memory 


Contents 


Coding 


01113 


2516620 


BCS BPN 


Oil )k 


26011 13 


BRU *-l 


Oil 15 


2500620 


SEL 6 


01 1 16 


2600000 


WPL OUTPUT 


01117 


0101373 




Comments: 




amming prac 



4-- +^, ^+- 



the prmter controller for ready status before issuing 
a print command. 



BCS BOP P 



2514P22 



Word Times: 2 



Functional Description : BRANCH ON OUT OF PAPER. 
The printer controller P is tested to determine if the 
printer is out of paper. 



BCS BNP P 



2516P22 



Word Times: 2 



Functional Description : BRANCH IF NOT OUT OF 
PAPER. The printer controller P is tested to deter- 
mine if it is not out of paper. 



Example : Test the printer controller for an out of 
paper condition. Branch to PAPER if condition exists. 



GAP Assemblv: 



GAP Coding: 



Octal 

Contents 



251't620 
2601750 



Coding 



BCS BPR 
BRU PRT 



..,.-,,..,., 




B C S B P 


3 


.B .a_ n_,.P.„A_ P.JE-Ji 


- '-- 



r;:^^:r\r^ 



S^°^^S 
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GAP Assembly : 



Octal 
Contents 

251't622 



Co ding 

BCS BOP 

BRM PAPER 



Comments : It is the responsibility of the programmer 
to test for the printer being out of paper before issuing 
a print command. The out-of-paper condition is 

indicated when only a few inches of paper remain. 



BCS BER P 



2514P27 



Word Times: 2 



Fvinctional Description: BRANCH ON ERROR. The 
printer controller P is tested for any error, such as 
a parity or input-output buffer error. 



BCS BNE P 



2516P27 



Word Times: 2 



Functional Description : BRANCH ON NO ERROR, The 
printer controller P is tested for a no-error condition. 

Example : Delay until the printer completes the 
printing of a line, then test for any error condition. If 
any exists, branch to symbolic memory location PRT 
ERR. 



assume that the following print instructions were 

programmed: 



GAP Coding : 



Symbol 


Opi 


Operand 


^ 




■ ' . '■' 


i^!i^i^'5|it,!-i^W 






B C S B P N 


6 




B R U * - 1 1 




S E L 
W F L 


6 


— 


FORM 




W P L P R T 







When SEL 6 enters the central processor I register, 
instruction words two and three (WFL and WPL) are 
automatically sent to the printer controller on con- 
nector plug 6. Here, they enter the data word buffer 
where the starting addresses (symbolic location FORM 
for format words and symbolic location PRT for data 
words) are transferred to the printer controller for- 
mat and data address counters. These instructions 
then initiate printer operations. 

Note that instruction words, format words, and data 
words all enter the printer controller through the data 
buffer. 



GAP Coding: 



Symbol 


Opr 


Operand 


X 


,1 .!.!»! . 


6 


s i I 10 


1=1 


1 3 


14 Mb [ t 6 j 


t 7 1 1 a 


19 


20 


P R T L I 


N 


BCS 


B 


P 


N 




^6 






B R U 


♦ 


» 


1 






- 




SEL 


6 














WPL 


P 


R 


T 










BCS 


,B 


P 


N 




6| 






\b R U 


' ♦ 


_ 


1 












IB C S 


i ^ 


R 


R 






f) 






:b R u 


P 


R 


T E R 


R 


1 


: ! ; 1 



Print Cycle 



The print cycle consists of three basic phases: filling 
the 120-character core buffer, printing the contents 
of the buffer, and slewing the paper. 

The fill phase begins when format and data words 
begin entering the printer controller. This filling 
begins when the printer (through the controller se- 
lector) is granted access to memory. To illustrate, 



The printer controller then requests the first word of 
format data from memory. This request to memory 
is made on a priority interrupt basis during each 
access time. First, a format word is requested, then 
a data word, then a format word, etc. After each 
access, words enter the 21 -bit data buffer where parity 
is checked. Format words are sent to the format 
buffer; data words stay in the data buffer. 

CORE BUFFER CAP.A.CITY . The loading process 
continues until the core buffer is filled with the desired 
number of characters to be printed in one print line. 
Note that this buffer need not always hold 120 printable 
characters before printing can occur. If only 30 
characters (10 BCD words, each word containing 3 
characters) need to be printed, then only 30 characters 
need to be loaded into the core buffer. It should also 
be noted that, for the high-speed printer, the core 
buffer can hold a maximum of 120 characters. This 
includes both data and format words. Thus, if 35 
data words are held and the programmer has pro- 
grammed to insert 6 words of format control charac- 
ters, the 40 word limit is exceeded and the core 
buffer overflows and an overflow alarm is shown on 
the printer controller display panel. 

In addition, whenever data is loaded into the core 
buffer, the sign of the last word (3 BCD characters) 
to be printed should always be set to minus. This 
rule must be followed, regardless of the number of 






\? 
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words loaded into the buffer, whether it is 4 words or 
40 words. 



Example : Print eight words of data starting with 

SVmVx>lif mPmorv InnaMnn PRT 



GAP Coding;: 



iymbol Opr i 




Operand 


1 >^ 


I It .; ' = ^ ! 5 i 1 ' w 




1 4 ; ; 5 i 1 f 17. 


la 19 i J : 


L D A P 


R 


T + 7 




B P L 
^JHL.&^ 






— — — - 


S T A P 


R 


T + 7 




B C S B 


P 


N 


6 


B R U * 




1 




S E L 6 








W P T, p 


R 


T 













Comments : It is a serious programming error to 
fail to set to minus the sign bit of the last data word 
to be printed. 



GAP Coding : 

Slewing by Instruction: 



Symbol 


i Opr i 




Operand , 


\ 


i \ . . ' '■ ' 




•'- 


, , : . , , , 1 ., . , 


- " - - 




B C SB 


P 


N 


6 




B R U * 




1 






S E L 6 










W P L 1 












B C S B 


P 


N 


6 




B R U * 




1 






S E L 6 








S L W 1 


















Slewing as Part of Print Instruction: 



Symboi 


1 ^p' i 


Operand 


; X 






■)3'4l5il6 17'ie' 






B C S B 


P N 


6 


, 


B R U.* 


- 1 




_^_j j; L 6 

O C T 2 






6 




C T 1 


2 i 7 5 C 









After the core buffer is filled, the printing phase of 
the print cycle occurs, resulting in the printing of the 
data line. 



Slewing can be programmed by either of two methods: 
(1) slew by the countdown or (2) slew to a paper tape 
channel. 



SLEWING PHASE . Once printing is completed, the 
printer controller core buffer is ready to receive 
new data (fill phase of the print cycle), and slewing, 
or spacing, of the paper begins. 



Slewing is the third phase of the print cycle. At this 
point, note that slewing can be part of a print in- 
struction or it can be a separate instruction. The 
normal procedure involves slewing as part of the 
print instruction which automatically slews paper one 
line after each line is printed. When it is desired to 
slew paper more than one line, and a separate slew 
instruction (SLW) is programmed, it is possible to 
slew only, or print and then slew a specified number 

then slewing more than one line, the slewing instruc- 
tion must be written in octal as shown in the example: 



Example : Write a print line from location 1000 and 
slew 10 lines. 



Slewii^ by Countdown . If the programmer desires to 
slew by countdown, he can write printer instructions 
in octal and conform to the printer instruction format 
illustrated in Figure 9-5. Note that bit positions of 
instruction words two and three, designated by VFU 1 
through VFU 6, contain the binary count for the num- 
ber of lines to be slewed. Bit positions designated 
by VFU 7 and VFU 8 must always contain 1-bits to 
accomplish the countdown slew method. If a 1-bit 
does not appear in both of these bit positions, then 
slewing is by the paper tape channel method. 



Slewing to a Channel . This method of slewing is 
accomplished by an eight-channel tape loop located 
within the printer unit. The tape loop gives the pro- 
grammer the ability to control vertical spacing on 
printed forms by slewing to a punch in a specified 
channel in the paper tape loop. If only one of the 
eight VFU bits is set to 1, paper is slewed until a 
hole is detected in the VFU tape channel designated 
by that bit. For example, if VFU 3 contains a 1-bit, 
paper slews until a hole is detected in VFU tape channel 
three. VFU tape channel eight should be used for 
slewing paper to the top of the page. 



ll3 



1^ ff) (jT) fp 
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Automatic Format Control 



In the printer controller, when a data line is to be 
printed under format control, formatwords are stored 
in the central processor memory in blocks of words 
the same as the print line data. Format control data 
consists of (1) any printable character, such as a 
dollar sign, and (2) any control characters, such as 
ignore, delete, skip, etc. In assemblying a formatted 
print line, the printer controller reads from memory 
one format word and one data word. The first format 
character of a format word is examinedby the printer 
controller. If it is a printable character, it is stored 
in the controller core buffer for printing. If it is a 
control character, the printer controller takes the 
action required. The format character is always 
examined before the data character. 



FORMAT CONTROL CHARACTERS . Five special 
control characters can be programmed in a format 
word to control the horizontal format of a printed line. 
In addition, the $ character (octal 53) exercises a 
control function, as well as being a printable character. 
These characters, their octal representations, and 
their functions are shown below. How to program 
them into format words is described in the subsequent 
automatic format control examples. 



36 35 35 35 35 35 
G E - 2 2 5 



Example : 
Format 
Data 
Print 

3. Delete (Octal 37) 



If the format character is a Delete, neither this char- 
acter nor the following data character are stored in 
the printer controller core buffer. The next character 
that can be stored in the core buffer is the next for- 
mat character. In examining the format/data word 
pair, if the second format character is a delete 
character, this character and the second data char- 
acter are not stored in the core buffer; the third 
format character would be the next character that 
could possibly be stored. 



Example: 














Format 


37 


35 


35 


35 


35 


35 


Data 


G 


E 


- 


2 


2 


5 


Print Line 


E 


_ 


2 


2 


5 





1. Ignore (Octal 35) 

If the format character is an Ignore, the next data 
character is immediately considered for storage in 
the printer controller core buffer. This next data 
character will occupy the position on the printed line 
that the format character would have occupied had it 
been a printable character. 

Examn^<=" 



Format 35 35 35 35 35 35 

Data G E - 2 2 5 

Print Line G E - 2 2 5 



4. Delete/Skip (Octal 56) 

If the format character is a Delete/Skip, an action 
similar to format delete occurs. The difference is 
that a blank is inserted in that position on the print 
line. Format character 3 of the format word would 
occupy the next print line position, if it is a printable 
character. 



Example: 














Format 


56 


35 


35 


35 


35 


35 


Data 


G 


E 


- 


2 


2 


5 


Print Line 




E 


_ 


2 


2 


5 



2. Ignore/Skip (Octal 36) 

If the format character is an Ignore/Skip, the next 
data character is immediately considered for storage 
in the printer controller core buffer. This data char- 
acter will not occupy the same position that the format 
character would have occupied on theprintedpage, but 
is placed in the next position. In other words, a 
blank is inserted on the printed page in the position 
of the format character. 



5. Zero Suppress (Octal 57) 

If the format character is a Zero Suppress, neither 
this character nor the following data character is 
stored in the printer controller core buffer. The next 
format character can, however, be stored in the core 
buffer, if it is a printable character. After this last 
format character is considered, blanks are inserted 
in the print line for each of the succeeding data char- 
acters and printable format characters, until either 
a non-zero data character is detected or a period 
character is found in a format word. 



K-IO 
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For example, if format character 1 is a Zero Sup- 
press, data character 1 cannot be stored in the core 
buffer. Format character 2 can be stored, if it is a 
printable character. After format character 2 has 
been considered, blanks are inserted for each suc- 
ceeding data character until a iiOu-zero data character 
or a period format character is found. When either 
of these characters is encountered, it is stored in the 
core buffer and the Zero Suppress condition is ended. 

Note that, once a Zero Suppress has been put into 

cx^ct^L, pxiiiL iiiic KJicn,a, La c;A(Xiiiiiicia uy Liic ^Xlixtcx 

controller only for a non-zero data character. For- 
mat control data is examined only for a period 
character. 

Examples : 

Format 57 35 73 35 35 73 35 35 33 35 



6. $ Zero Suppression (Octal 53) 

A $ symbol in the format data word initiates spaces 
in the print line in the same manner as Zero Suppress, 
except that the next data character is not ignored 
after the $ symbol is printed. In this case, if the next 
data character is a non-zero character, it will be 



Examples : 

Format 

Data 

Print 
Line 



8 9 9 9 



9 9 9 



$ 8 



9 9 9 



9 9 9.99 



Data 

Print 
Line 



8 



9 



9 9 



9 9 



9 9 



9 9 



Format 53 73 35 35 73 35 35 33 35 
Data 089999999 



Print 
Line 



8 9 



9 9 9 



9 9 



Format 



Print 
I Line 



57 35 73 35 35 73 35 35 33 35 



n n n o n 



A 8 9 , 9 9 9 



9 9 



format 

Data 

Print 
Line* 



$ 



o3 3b 3o 35 35 



9 9 9 



9 9 9 



Format 

Data 

Print 
Line* 



57 35 73 35 35 73 35 35 33 35 
8999999999 



9 



9 9 9 



9 9 9 



9 9 



*Note the loss of the first data character in this 
example. 



Format 57 35 35 35 35 
Data 9,999 



Print 
Line** 



9 9 9 



**Note the loss of the first data character and 
printing of a comma within the data. 



*Note the zero suppression and printing of the comma 
which is a printable character. 

Note that when zero suppression on theprintline is in 
effect as a result of a dollar sign or an octal 57 (zero 
suppress) in the format words, a comma in the for- 
mat word is not printed (but a blank is printed instead), 
unless the data character preceding the comma in 
the format word is a non-zero character. 



Automatic Format Control Coding 

In coding for automatic format control, format words 
are loaded into a user's program in octal form: 



-.- 


iymlJo( 


j Opr 








Operand 






X 


. .^ ■ ! 


■:-!:. ■ ,' 


1 


1 2 


1 3 


1 * t 1 E 


i ,6 


17 


' 8 ' J 9 




F 


O R M A 


TO c 


T 





3 


5 3 


5 


3 


5 







o c 


T 





3 


5 3 


5 


3 


5 




. ,Q.C 


T 


Q 


3 


5 3 


5 


3 


5 























f(^ 
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Then, when the write format line (WFL) instruction is 
given, these constants are called from memory and 
used to control the format of the print line. A format 
character is examined, then a data character, then a 
format character, etc., until printing is accomplished. 
Also in the process of examining a format word char- 
acter, then a data word character, it is possible for 
an Ignore or an Ignore/Skip character (octal 35 or 36) 
to be encountered in the print line data (as well as in 
the format control data). If a data character is an 
Ignore, the next format character is immediately con- 
sidered and nothing is printed for the Ignore character. 
If a data character is an Ignore/Skip character, a 
blank is printed and the next format character is 
considered. 

In sequence, the second format character, then the 
second data character, are considered, followed by 
the third format and the third data characters. Fol- 
lowing the consideration of the third data character, 
another data word and another format word are re- 
quested from the central processor in memory. Upon 
receiving these new words, the procedure described 
above is repeated. This routine is continued until a 
1 (minus) in the sign-bit position of the last data word 
to be printed is encountered; after consideration of 
this data word and its respective format word, the 
print line control sequence is ended. 

The procedure described makes it possible foraprint 
line format arrangement to be stored in memory once 
and to be used as often as needed to print lines of 
data in that same format, such as for payrolls, etc. 
The data may, within the limitations imposed by the 
editing control as described, be stored in sequence in 
computer memory; the printer controller automati- 
cally constructs the print line according to the pre- 
scribed format. By using such stored format routines, 
any number of different printed forms can be used. 



HIGH-SPEED PRINTER (OFF-LINE) 



The model 4WPA690 printer is designed for both on- 
line and off-line operation. When used on-line, the 
printer is similar to model 4WP225A except for 
additional field-spreading ability. This additional 
capability is discussed later. However, in the off-line 
mode, model 4WPA690 has very distinctive features, 
such as a separate 1024-character core buffer within 
a special magnetic tape controller. This buffer is 
used only during off-line operations. 



On-Line Operations 

Operation of the high-speed printer model 4WPA690 
in the on-line mode differs from that of the on-line 
printer, model 4WP225A, because of the field- spread- 
ing feature. This feature allows the insertion of up to 



120 characters in the print line from format infor- 
mation, without requiring dummy characters to be 
included as part of the print data. To the programmer, 
this feature provides the ability to spread fields by 
inserting as many blank spaces (or other printable 
format data) as necessary in the print line, without 



When field- spreading occurs, the normal one-for-one 
comparison of a format word character and a data 
word character is interrupted until a field is spread 
as desired. After blanks or additional printable for- 
mat characters are inserted to spread the field, the 
regular one-for-one character examination is re- 
sumed. This feature is described more fully below. 



NEW FORMAT CHARACTERfi . In automatic format 
control, various control characters, such as ignore 
(octal 35) or delete (octal 37), can be programmed as 
format constants in the user's program. These for- 
mat characters are stored in the central processor 
memory and, when called by the printer controller, 
are used to edit a print line. 

For the on/off-line printer operating in the on-line 
mode, format characters are programmed and used 
in the same manner. However, to allow error-free 
formats to be used for printing operations in either 
mode, two new format control characters must be 
used: an octal 55 to indicate field-spreading and an 
octal 77 to indicate end-of-line data. Octal 55 is de- 
scribed here because of its relationship to on-line 
printing operations with the on/off-line printer. Octal 
77 is discussed with off-line programming consider- 
ations. 



FIELD SPREADING . An octal 55 in a format line 
causes the printer controller to store succeeding octal 
characters of the memory format information in the 
120-character core buffer until an octal 35 (ignore) is 
encountered in the format information. During this 
time, data word characters are ignored. Once an 
octal 35 is encountered, the normal process of 
examining a format word character against a data 
word character is resumed. 



This operation is shown in Figure 9-6, which shows a 
line of format words and a line of data words. In 
normal print operations, word 2000 would enter the 
printer controller format word buffer, word 3020 
would enter the data word buffer, and the first format 
word character would be examined against the first 
data word character. If the first format word char- 
acter were an octal 35 (ignore), then the first data 
word character (B) would be stored in the printer 
controller 120-character core buffer. However, in 
the example shown, the first format word character 
is an octal 55, which indicates to the printer controller 
to begin field spreading. 



]VP ^fTTlfP 
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Begin 
Field Spreading 

Format Words fss 21 23(23 46 64 1 45 63 
Location 2000 2001 2002 



A C C O U N 



End 

Field Spreading 

:i: — ,y Q ^ , , 

60145 46 35 1 35 35 35l 



2003 



2004 



Data Words 
Location 



B 12 



463 



3020 



3021 



311 



3022 



Figure 9-6. Field Spreading in Off-Line Operation 



In this case, it is desired to spread the field by 
inserting the words ACCOUNT NO before resuming 
the normal examination of format word characters 
against data word characters. Thus, data word char- 
acters B12 remain in the printer controller data 
word buffer while format characters in words 2000 
through 2003 corresponding to the various octal codes 
are brought in from memory through the format word 
buffer and inserted in the printer controller buffer. 
Note: the octal codes for ACCOUNT NO are shown 
beneath each alphabetic character. Field spreading 
continues until the printer controller encounters an 
octal 35, signifying an end of field spreading. At this 
point, characters in iormat word 2004 enter the tor- 
mat word buffer Tt should be recalled that the 
characters Bi2 of data word 3020 were already in the 
data word buffer when field spreading began. The 
normal process of examining format word characters 
then begins. 

OCTAL 55/35 RELATIONSHIP . A word of caution 
about programming for field spreading: When pro- 
gramming for on-line printing operation, the octal 35 
must be in the same relative position of a word in 
which the field spreading code (octal 55) appears. 
Figure 9-6 shows a line of format words and a line of 
data words. In this case, the octal 35 is not in the 
same relative position of format word 2003 as the 
field spreading octal 55 in word 2000. This format 
line would work satisfactorily only in the off-line mode. 
To accomplish the same- fieJd spreading results in 
both the on- and off-line modes, then the octal 35 



which terminates field spreading must be in the same 
relative position of a word as the first octal 55 appears. 
This is shown in Figure 9-7. 

Note, in this case, that the first octal 55 appears in 
position one of the word at location 0800. To keep the 
proper octal 55/35 relationship, the octal 35 must 
appear as the first position of the word at location 
0804. If the information to be printed in the on-line 
mode is such that this 55/35 relationship does not 
exist, then either one or two (in this case, one) octal 
55 codes must be placed in the format line to create 
that relationship. In the example shown, an octal 55 
has been placed in the third position of the format 

word at 0804 occupies the same relative position in 
the word as the first octal 55 does at location 0800. 

The important conclusion is that, due to this relation- 
ship, the example in Figure 9-7 will now work pro- 
perly in both the on- and off-line printing modes. By 
contrast, the example in Figure 9-6 will work pro- 
perly in the off-line mode only. 

COMMAND WORDS. Printer command words for 
on-line printing are the same as specified for the 
regular on-line printer model 4WP225A, except for 
the following additional instructions. 

Programs written for the on-line printer. Model 
4WP225A, can be run with the on/off-line printer in 
the on-line mode. 



ACCOUNT NO I 

Format Words 155 21 23123 46 64145 63 60 1 45 46 55 1 35 35 35 1 



Location 



Data Words 
Location 



[b 12 



0200 



463 



311 



0201 



0202 



0203 



0204 



Figure 9-7. Field Spreading for Both On- and Off-Line Printing Modes 
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Additional Test-and-Branch Instructions 



BCS BNS P 



2516P24 



Word Times: 2 



BCS 



BAA P 



2514P21 



Word Times: 2 



Functional Description : BRANCH ON ANY ALERT. 
I'he printer controller P is tested for any alert 
condition. Any alert includes the following conditions: 

1. Slew Alert 

2. Buffer Overflow 

3. Parity Error 

4. Out of Paper 

Example : Branch to print error routine, if any alert 
condition exists. 



GAP Coding: 



Op, 


Op«r«nd 


|x 


REMARKS 1 


. . 1^ 


IZ ' 13 .. : 1. ; 1. , 17 { 1. ,,]iz 


"1 


B C S B A A 


e 


BRU|PRTERR 


RRANf;H TO ROUTINE TO DETERMINE TYPE 


OF ALERT CONDITION 


; 


' 





Functional Description : BRANCH ON NO SLEW 
ALERT. The printer controller P is tested for no 
slew alert condition. 



alert. 

GAP Coding: 



L 



B R U , L O A .C 



BRANCH TO ieAD_PRINT JLQUTraE_ 



BCS BOV P 



2514P23 



Word Times: 2 



Functional Description : BRANCH ON PRINTER 
BUFFER OVERFLOW. The printer controller P is 
tested for buffer overflow condition. 

Example : Branch to buffer error message, if printer 
buffer overflow. 



BCS BNA P 



2516P21 



Word Times: 2 



Functional Description: BRANCH ON NO ALERT. 
The printer controller P is tested for no alert con- 
dition. 

Example : Branch to print routine, if no alert condition 
exists. 



GAP Coding: 



Opr Op«T.nd 


1«1 


REMARKS 




.'.,-. ■.:•., ..:.= :,.,.,.,. i.i.cM; 7M 


B C S ; B h /\ 


6 






B R U,P R T 




BRANCH TO PRINT ROUTINE 











BCS BSA P 



2514P24 



Word Times: 2 



Functional Description : BRANCH ON SLEW ALERT. 
The printer controller P is tested for a slew alert 
condition. 

Example : Branch to slew error routine. 
GAP Coding: 





I- 


REMARKS 




• ■• " ■■■■■ ••:■• ■■']!' "1 


B C S B S A 


i 






BRU S LWERR 




BHANflH TO aiEW ERROR MESSAGE 









GAP Coding : 



Op. ap.r.rd 


|x 


REMARKS 




■; ■.■,. ,.',, ,-■„',. .-,,. ..',,!„ -1 


BCS BOV 


6 






BRUBUFERR 




BRANCH TO BUFFER ERROR MESSAGE 









BCS BNO P 



2516P23 



Word Times: 2 



Functional Description : BRANCH ON NO PRINTER 
BUFFER OVERFLOW. The printer controller P is 
tested for no buffer overflow condition. 

Example : Branch to processing routine, if no buffer 
overflow. 



GAP Coding : 



Symbol 


Opr 


Operand 


.1 


t ; ' i " 


. . =, .- 


,. ., ,. ,, ,. ,. ,. .. , 




BCS 


BNO 


6 


■ - - — 


BRU 


P R O C E S 











Off-Line Operation Characteristics 



When the on/off-line printer is operating off-line, it 
functions as an independent system consisting of a 
magnetic core buffered tape reader, a magnetic tape 
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controller, a 900 line per minute printer mechanism, 
a printer controller, and a self-contained power 
supply. In the off-line mode, automatic format con- 
trol is provided, along with selective file printing (file 
stacking). The buffered (1024 characters) magnetic 
tape reader in this system requires the use of 200 
character per inch density tapes operating at a rate 
of 15,000 characters per second. Tape reading speed 
is 75 ips with a rewind speed of 150 ips. 



CONTROL SWITCHES . The following additional con- 
trols are located on the high-speedprinter mechanism. 



1. START: 

When this switch is depressed, off-line printing 
operation starts. The system must he in the 
automatic mode. 



CONTROLLERS . The printer controller has all the 
capabilities provided in the regular on-line printer 
sub-system previously described, including a 120- 
character core buffer. The major difference between 
the on/off-line and the on-line printer systems is the 
additional format control capability, field- spreading. 



The magnetic tape controller used in off-line printing 
operations is distinctly different from other magnetic 
tape controllers in that it contains a 1024-character 
addressable core memory or buffer. The entire 
buffer can be used for print data only or, as described 
below, for some combination of data and format. This 
tape controller can control reading of data reels 
which have been prepared by either the GE-225 or 
similar tape handler systems. 



2. AUTO-MANUAL: 

Normal off-line printing mode is automatic. Cer- 
tain operations such as skip, print one line, 
rewind, and space, operate only in the manual 
mode. Switching from automatic to manual mode 
causes all off-line operations to halt as soon as 
the print line in process is completed. 



3. PRINT ONE LINE: 

When the AUTO-MANUAL switch is in the MAN- 
UAL position, this switch causes one line to be 
printed each time the switch is depressed. Format 
and slew are still determined by the command 
words for each line of print. 



PROGRAMMING. Before nrintino- off-line, all pro- 



llg, Xll.^ t^ UL^I.lV.'llO, 



xu J. iiia.1. 
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on reels of magnetic tape. These reels of tape serve 
essentially the same function as does core memory 
in normal on-line print operations. From the pro- 
gramming viewpoint, three key differences exist: 



4. SPACE PAPER- 

In the manual mode, depressing this switch causes 
the printer to slew one line. 



BACKSPACE: 



1. Because tape handlers do not have a buffer 
register as does the central processor or core 
memory, the magnetic tape controller contains a 
1024-character addressable memory, or buffer, 
into which magnetic tapes are read before entering 
the printer controller. 



Causes the tape reader to backspace one tape 
record. When the AUTO-MANUAL switch is in 
the AUTOMATIC position, the tape record is 
re-read automatically. If backspacing is accom- 
plished while in the manual mode, the tape halts 
after backspacing. 



2. Write format line (WFL) and write print line 
(WPL) instructions are never programmed when 
coding for off-line operations. Print instructions 
are always given as write tape instructions. 



6. SKIP: 

Causes tape to advance one record. The selected 
file is read into the core buffer but is not printed. 
This switch operates in the manual mode only. 



3. All data to be written on tape for off-line 
printing must always be written in the 18-bit 



and data instruction words, 
struction alwavs is used. 



Thus, the WTS in- 



7. REWIND: 

Causes tape to be rewound and positioned at load 
point. Operates only in the manual mode. 



These and other programming considerations for off- 
line printing are discussed more fully in off-line 
programming considerations. 



8. MANUAL CLEAR: 
Clears all alert indicators. 
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9. MEMORY DUMP: 



SLEW ALERT: 



Causes octal printout of the off-line printer core 
buffer during off-line mode or the on-line GE-225 
core memory during on-line mode. 

10. ON-LINE/OFF-LINE SWITCH: 



Indicates that an attempt was made to slew paper 
beyond the limitations allowed under program 
control. 



PAPFR AT RRT- 



inis swiica sets uie moue oi operauon. 

Two additional switches are also provided on the 
magnetic tape controller. These switches are: 

1. FILE SELECT: 

Selects one or more of eight codes. Code causes 
the entire tape record to be written sequentially 
(one character at a time) into the core buffer, 
starting at location 0000. Codes 1 through? per- 
mit only those print lines with the pre-selected 
file codes to be stored in the appropriate locations. 
Code applies, regardless of the condition setby 
the other file select switches. 

2. HIGH-LOW DENSITY: 

A switch is provided to select tape density for 
use in systems capable of reading high-density 
tape. 

INDICATOR LIGHTS . In addition to the indicator 
lights on the on-line printer mechanism, other lights 
are provided for off-line operation as describedbelow: 

1. TAPE ALERT: 

A tape alert includes longitudinal parity, lateral 
parity, modulo check, core buffer overflow, and 
interlock. Each of the above alerts is indicated 
separately on the buffered tape reader control 

panel. 

2. END-OF-FILE: 

Indicates that an end-of-file code was detected on 
tape (this is a tape file code and should not be 
confused with the logical print file code). 

3. END-OF-TAPE: 

Indicates that the physical end-of-tape or begin- 
ning-of-tape marker has been detected. 

4. BUFFER PARITY: 

Indicates that incorrect parity has been detected 
on a character being read out of the core buffer. 

5. INPUT OVERFLOW: 

Indicates an overflow condition in the printer con- 
troller core buffer. 



maicaies lOss oi paper lensiou aue lu Leaniig ur 
out-of -paper condition. 

8. INPUT PARITY: 

Indicates that a word received from the central 
processor during on-line operation has incorrect 
parity. 

9. ON-LINE/OFF-LINE: 
Indicates operating mode. 

ERROR CHECKING . Checking features of the off-line 
printer sub-system assure accurate performance. 
Three of these checks apply to the printer itself and 
four apply to the operations of the special magnetic 
tape controller. One check, computer parity, is used 
for on-line operation only. 

The printer checking features include: 

1. Print Buffer Overflow: 

This check detects whether 120 characters have 
been written into the core buffer without an end- 
of-line code being detected. The printer halts 
without printing the line in question. 

2. Slew Alert: 

This check detects paper slew runaway. If the 
top of page channel is detected twice during a 
single slew operation, printing is inhibited and an 
alert indicator light is turned on. 

3. Paper Alert: 

An out-of-paper condition or loss of tension due 
to paper tearing is revealed by this check. 



Checking features involving the operations of the mag- 
netic tape controller include: 

1. Tape Parity Alert: 

When a lateral or longitudinalparity erroron tape 
has been detected, the system halts as soon as 
the record on tape has been read. No portion of 
that record is printed unless the backspace button 
is depressed and the record is reread without 
recurrence of an alert. 
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2. Mod Alert: 

Checks to see that the number of characters in 
the tape record is a multiple of 3. 

3. Core Buffer Overflow: 

If more than 1023 characters are transferred from 
tape to the core buffer, an alert is indicated. No 
characters are printed until recovery action is 
taken. 

4. Core Buffer Parity: 

Each character read from the off-line core buffer 
is checked for correct parity. 



Format and data lines are discussed below. First, ic 
is important to explain the use of the octal 77 chai - 
acter mentioned earlier. 



OCTAL 77 . An octal 77 is the code used in an end-of- 
line word to indicate the end of either a format or 
data line including tape identification labels. Three 
possibilities exist for the last word in a data or for- 
mat line. Two of these possibilities are shown in 
Figure 9-8. In the case of the format line, only one 
end-of-line octal 77 is needed, because two printable 
or special characters occupy the remainder of the 
word. In the last word of the data line, two octal 77's 
are required. The third possibility, obviously, is the 
use of three octal 77's. 



Off-Line Programming Considerations 



As discussed previously, off-line printing operations 
differ from on-line operations in that magnetic tape 
is used for holding both format and data words, a 
separate magnetic tape controller with its own 1024- 
character core buffer is required, and all print 
instructions are given as write tape instructions in 
the special binary mode (WTS). Format and print 
lines can still be programmed to perform automatic 






p i. lIli^C 1- 
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method ot speciiying editing iniormation empnasizes 
three points that the programmer should keep in mind 
when preparing format and data to be written on tape 
for off-line printing. 



1. An 18-bit command word must precede the 
actual format line (Figure 9-8). 

2. Two command words must precede the data 
line. 

3. Special end-of-line codes are required at the 
end of both format and data lines. 



In all cases, the programmer should make the last 
character on magnetic tape pertaining to any format 
or data line an octal 77. When it is necessary to 
include more than one octal 77 to fill out a partial 
word, such as shown in Figure 9-8, all but one octal 
77 is stripped off automatically so that only one end- 
of-line code for each format or data line need be stored 
in the 1024-character magnetic tape controller core 
buffer. 



The programmer also should note that the tape con- 
troller generates an octal 17 and automatically stores 
it in the character position following the last character 
of the last print line stored in memory from a block 
of tape. The octal 17 tells the controller to read 
another block from tape after printing the last line of 
print in the tape controller buffer. For example, 
assume that format data is stored in the tape con- 
troller core buffer from character 0700 through 
character 1023. The data to be printed from any one 
tape block may then not exceed 699 characters (0-698) 
because the octal 17 control character is held in 
character position 0699 as shown below: 



Memory 



Memory 



1000 


1001 "» »-1003 


1004 


Format 

Command 

Word 




77 





1005 



1006 



Data Command 
Words 



1007*- 



-»-1008 



Print Line Data 



1009 



77 77 



Figure 9-8. Command Words for Off-Line Printing 



Core Character 
Position 



0698 
0699 
0700 



1023 



Contents 



Data 



Data 
Octal 17 
Format 



Format 
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Format Line Information 



In the off-line printing mode, it is possible to edit 
print line data by storing appropriate format codes 
(octal 35, 36, etc.) as constants. Thus, when magnetic 
tape is read into the controller 1024-character core 
buffer, format data is stored or held until such time 
as the user's program calls upon it. The coding for 
calling format data from the buffer is described 
below. 



To understand format editing by the high-speedprinter 
in the off-line mode, the programmer should recognize 
that a format line consists of some combination of 
format codes, preceded by one format command word, 
and followed by an end-of-line word (a word with 
format or data always contains three characters as 
was illustrated in Figure 9-8). 



A format command word provides such information 
as identification, file number, and the starting address 
in the core buffer where the format is to be sorted. 
The specific bit configuration for this command word 
is shown in Figure 9-9. 



Bit 




Positi( 
0-19 


3n Format Line 


Command Word 





Not used 


1 


Not used 


2 


Zero 


3 


One 


4 


Zero 

File Select "r 


5 


6 


File Select 2^ 


7 


File Select 2° 


8 


Zero 


9 


Zero 


10 


Format Address 2^ 


11 


» w 2" 


12 


13 


» » 06 


14 


» jj 2 5 


15 


» 2^ 


16 


» n p3 


17 


» » 92 


18 


2^ 


19 


» » oO 



Figure 9-9. Format Line Command Word Bit 
Configuration 



Bit positions and 1 are not used. Bit positions 2, 3, 
and 4 specify the operation code for a format command 
word. Bit positions 5, 6, and 7 specify or select the 



format file number, or rather, the kind of report to 
be printed and edited by the format data following the 
command word. Because there are three bits, each 
with a binary weight, the maximum number of different 
kinds of reports that can beprintedare 8. If no 1-bits 
are shown, then zero is implied. Code zero (in both 
the format line command word and data line command 
words) cause the entire magnetic tape record to be 
written seQuentially, regardless of the kind of data, 
one character at a time into the tape controller 1024- 
character core buffer, starting at core location 0000. 
The meanings of codes 1 through 7 are assigned by 
the programmer; for example, he may desire to have 
code 1 (001) be a master file report, a code 2 (010) 
represent an inventory report, etc. 

Returning to the command word, bit positions 8 and 9 
are always zeros. Bit positions 10 through 19 specify 
the starting address in the tape controller core buffer 
where format data for the report is to be stored. 
Because bit position 19 has a binary weight of or 1, 
bit 18 a weight of 2, bit 17 a weight of 4, and bit 16 a 
weight of 8, a 1-bit in any of these bit positions speci- 
fies the starting location where format data is to be 
stored. 

The programmer should note that it is advisable to 
store format information in the upper portion of the 
core buffer. This is recommended so that the area 
where print data is read in will not overlay it. Thus, 
a 1-bit should generally be specified in bit position 
10 so that format data is stored in the core buffer 
above character location 0512 (2^ = 0512). 



FORMAT EXAMPLE . Assume that an inventory re- 
port is to be printed (code 2, for example) and that the 
format to edit this report is to be stored in the core 
buffer, beginning at character location 0512. The 
programmer would prepare the command word as 
shown in Figure 9-10. 



Bit Position 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



Oil 


o[i|o 


0|0| 1 0| 1 


o| 


2 


2 


1 






Octal 



Figure 9-10. 



Sample Completed Format Command 
Word 



FORMAT LINE CODING . Format line data is loaded 
into the user's program by programming the octal 
representations for the control actions desired (in- 
cluding the format command word) as constants in the 
beginning of a program (Figure 9-11). In this respect, 
off-line programming of format data is similar to 
on-line format control coding (see Automatic Format 
Control Coding). 
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As illustrated, the format command word and all for- 
mat data associated with format one (shown as FMTl) 
are programmed as constants. In the example shown, 
note that the octal equivalent in coding line 1 is for the 
format command word shown in Figure 9-10. Other 
lOrmat data is shown in iines ^ through •*. 



•VI.M 


^ 


Op»Md 


" 


HMMU 












r M T 1 


OCT 


OSS 1000 












- 






OCT 


3 6 S B 5 7 






OCT 


3 5 17 7 7 










4 2 S 7 










B 2 




DATA COMMAND WORD 




A L F 


A C C 




DATA 




* 1. F 


rt II N 








OCT 


• • t 1 1 T 1 

















Figure 9-11. Sample Coding of Format and Data 
Information For Off-Line Printing 



Note that as many formats can be prepared in constant 
form as desired; however, in the format command 
word only seven different kinds of reports can be 
formatted. Thus, if a programmer wants to print 
three different reports, with each report requiring 
five or six different formats, then he must code these 
formats (including the appropriate format command 
word) as described, store them as constants in the 

UCgXllliXil^ \_/J. LllC JJl<_/^i(Xlll VYXLil Llit: >.ia. LU. lliiC LLL^\J t. LLLCLLiyjlL 

and then, during program execution, write them out on 
a specified magnetic tape to be used subsequently for 
off-line printing. Observe, in the sample coding 
illustrated below, that the constant format data was 
written on magnetic tape by executing a WTS instruc- 
tion. The operating logic of off-line printing is de- 
scribed in the material on printing logic. 



Example : 



Symbol 


Op. 


Operand 


X 


I 1 2 1 3 ! 4 ] 5 I 6 


8 1 9 1 1 


12|l3l4J18|t6JI7|l8Jl9 


20 




B C S 


B, T N , 


2 




BR U 


♦, -, 1 , , 1 




S E L 


2 




W T S 


F, M T 1 


I 






9 .1 






1 



As indicated previously, a line of data consists of 
some combination of codes and printable characters 
preceded by two command words and followed by a 
termination or end-of-line word (see Figure 9-8). In 
contrast to format line data, print line data requires 
two command words which provide such iiiforiiiation 
as shown in Figure 9-12. 



Bit 

Position 

0-19 


Data Line 


Com_m.and Word 1 


Com-m.and Word 2 




1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

ir 

18 

19 


Not used 

Not used 

One 

Zero 

Zero 

File Select 2^ 

File Select 2^ 

File Select 2^ 

Print (1) or Slew (0) 

Format (1) or Not (0) 

Format Address 2^ 

» w 08 

„ » 2? 

» » 26 

2^ 

" 2^^ 

n n 98 

„ « gl 
» 1 2O 


Not used 

Not used 

VFU-8 

VFU-7 

VFU-6 

Zero 

Zero 

Zero 

VFU-5 

VFU-4 

Zero 

Zero 

Zero 

Zero 

VFU-3 

VFU-2 

VFU-1 

Zero 

Zero 

Zero 



Data Line Information 



Figure 9-12. Data Line Command Words and Bit 
Configurations 



In command word 1, bit positions and 1 are not used. 
Bit positions 2, 3, and 4 indicate a line of data. Bit 
positions 5, 6, and 7 indicate the file number selected 
or rather, the kind of report to be printed. If a report 
is to be printed with format control, the particular 
report code specified by these bits must always agree 
exactly with the report code indicated in-the appropriate 
format line command word. 

Bit position 8 indicates print, or slew without printing, 
and bit position 9 indicates print under format control 
or print without using format. Then, if format is 
specified, the exact format address indicated in the 
corresponding format command word is marked in bit 
positions 10 through 19. 



"avrqrdless of whether data is to be printed unedited 
or with format control lines, certain considerations 
must be followed inpreparingdataforoff-lineprinting. 



In the second command word, bit positions 2, 3, 4, 8, 
9, 14, 15, and 16 are used to specify slewing by the 
countdown method or slewing to position X, where X 
is a channel in the printer vertical format unit (VFU) 






/CA /'Tx r^ 



rx-19 



tape. Note that the same bit configuration rules apply 
for the off-line as for the on-line printing mode. If 
slewing by the countdown method is selected, bit 
positions 2 and 3 in the second command word must 
contain 1-bits with the subsequent weighted value VFU 
bit positions also containing 1-bits to indicate the 
number of lines to slew. Thus, 1-bits in positions 2 
and 3 and a 1-bit in bit position 9 would indicate 'slew 
by countdown method 8 lines.' Remember that bit 
positions representing VFUl through VFU6 designate, 
in binary form, any decimal number from to 63. 
Thus, the countdown method permits slewing any num- 
b&T'Of lines from to 63. 

Examples of two filled-in data line command words, 
and their octal equivalent values are shown in Figure 
9-13. Note that the kind of report and format address 
specified agrees, for this illustration, with the report 
and address specified in the format line command 
word shown previously in Figure 9-10. 



Command 

Word 

One Format: 



Report Print 
Code 
i 



I Slew , 



Format 
Address 
0512 



1 2 3 4 5 6 7 8 9 10 11 12 ,13 14 15 16 17 18 19l 


OOU 0001011 1 


oooloooloool 



4 
Octal 

Command 

Word 

Two Format 

Slew by 
Countdown 



Slew 8 
Lines 



r^ ♦ 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 


11000001 o|o 0|0 010 



6 
Octal 



Figure 9-13. Sample Data Line Command Words 



DATA LINE. CODING . Data to be printed, whether 
format edited or not, is programmed at the beginning 
of a user's program as constants. This can be seen 
in Figure 9-11. Note that the data to be printed under 
format control immediately follows the necessary for- 
mat control characters (FMTl and DATA 1). 

There is, however, no need to separate format and 
data lines, successive lines of data or format, or files 
of information to be written into the core buffer by an 
Inter-Record Gap (IRG). Care must be exercised to 



ensure that not more than 1023 characters are trans- 
ferred to the 1024-character core buffer during me 
reading of one tape record. To assure off-line oper- 
ation at 900 lines per minute (alpha-numeric-single 
space only), physical tape records containing 750 
characters or less are recommended. This recom- 
menuation is for tape written at 200 characters per 
inch density. 



Further, the programmer should look at his format 
and data line constants to determine how many char- 
acters (3 characters per word) of the tape controller 
1024-character core buffer that a particular tape 
record will occupy. In the example shown in Figure 
9-11, there are 6 data words (not counting command 
words) at three characters each, or 18 characters. To 
this is added the six characters comprising the data 
command words (characters 2 and 3 in word two, 
3 characters in word three, and 1 character for a 
total of 24 to be readinto the controller counter). The 
format command word is not transferred from tape to 
the 1024-character buffer. Thus, when the WTS FMT 1 
instruction is given to write 9 words onto magnetic 
tape as one tape block, 24 characters actually fill the 
core buffer when off-line printing occurs. Of course, 
if several formats and several lines of print data were 
written on tape, the number of total characters would 
be much greater. In all cases, however, it is recom- 
mended that tape records be 750 characters or less. 



Printing Logic 



When a WTS instruction is executed, the appropriate 
format and/or data line information is written from 
core memory onto a reel of magnetic tape (Figure 
9-14). After the desired number of records are so 
written, this reel of tape is mounted on the special 
tape handler used for off-line printing. 



As shown, the tape handler then begins reading format 
and data words into the tape controller 1024-character 
core buffer. As data enters the controller, it checks 
tlie first word of each tape block. The first word of 
each block of information on tape and the word im- 
mediately following an 'end-of-line' code are either 
data or format command words. The file-select code 
in the command word determines whether or not the 
succeeding characters are to be decoded and the infor- 
mation read into the 1024-character core buffer. If 
the information to be stored is a line of format, the 
command word is decoded to determine the starting 
address. If it is a line of data, the command words 
must be stored, with the data, for future use by :L^ 
printer controller. Lines of data, their command 
words, and the end-of-line code are stored sequentially 
by character, starting at memory location zero. 
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Core buffer storage allocation can be calculated by 
allowing seven additional characters over and above 
the actual number of data characters for each line of 
print data. These additional characters include the 
following: 



Command Word 1 Total 

Characters 2 and 3 2 

Command Word 2 

Characters 1, 2 and 3 3 

Data Characters 

/ \aiiy number) 
▼ 
Octal 77 Character 1 

(indicating end-of-line) 
Octal 17 .— . ■■ 1 

(control character inserted 7 

automatically by controller 
once for each taije refnr-ri^ 



In addition, include one additional octal 77 end-of-line 
character for each line of format . It should be 
reemphasized that no octal 17 control character is 
inserted, not for format data but for print line data 
only to signal the tape controller that it can read in 
another block from tape. 

When the core buffer is filled, or when a complete tape 
record has been read into the buffer, transfer oper- 
ations to the printer controller begin automatically, 
one print line at a time. 

Format and print line data enter the printer controller 
and are processed as previously described. To repeat, 
each word is examined alternately, character-by- 
character starting with a format word. If a character 
is a printable character, it is stored in the 120-char- 
acter core buffer. If it is a format character, such 
as an ignore code, the printer controller takes the 
format action required. The 120-character core 
buffer continues to be loaded either until it is full or 
all data for one print line is filled. In any case, the 
k^vjiici v-aiujuL iiuiu iiiuie uia.n tu woras lotai. 
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SECTION X 



DOCUMENT HANDLER OPERATIONS 



The information on the GE-225 12-pocket, 1200- 
document-per-minute document handlers that was 
originally in this manual has been superseded by 
a new and separate manual entitled "GE-225/235 
DOCUMENT HANDLER REFERENCE MANUAL" 
(Publication No. CPB-307). 



Use this new manual for the latest and most complete 
coverage of GE-225 Document Handler operations. 
Copies are available from General Electric computer 
representatives. 
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SECTION XI 
MASS RANDOM ACCESS DATA STORAGE OPERATIONS 



Mass Random Access Data Storage (MRADS) provides 
the GE-225 with the ability to store vast quantities of 
data which can be randomly accessed and quickly pro- 
cessed at low cost. 

Each MRADS unit consistsof 16 circular magnetic data 
storage discs which provide 32 recording surfaces. Up 
to four 16-disc MRADS units can be connected to each 



MRADS controller. The controller, in turn, is con- 
nected to the GE-225 system through the controller 
selector as shown in Figure 11-1. 

Since a MRADS unit can transfer data at a maximum 
rate of 500,000 bits per second, (23,700 words per 
second), it requires memory access every other word 
time. Thus, the recommended address for a MRADS 



To and from GE-225 
Central Processor 



4 



Controller 
Selector 



Highest 
Priority 



i 



I 



Plug 



i 



Plugs 1 through 7 
Descending Priority 



MRADS 
Controller 





I 





MRADS 
Disc Units 



Figure 11-1. MRADS Sub-System 
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Direction 
of Rotation 




Outer Zone 

128 Tracks 

16 Sectors per Track 
1 Record per Sector 

Transfer Rate: 

500, 000 Bits per Second 
23,700 Words per Second 



Inner Zone 

128 Tracks 

8 Sectors per Track 
1 Record per Sector 

Transfer Rate: 

250, 000 Bits per Second 
11, 850 Words per Second 



The reverse surface duplicates 
this format. 



Figure 11-2. MRADS Disc Format 



unit is plug zero, but it can have any plug address from 
zero to seven, provided that it has the highest priority 
plug (lowest plug number) of the particular configu- 
ration connected into the controller selector. 



Each 16-disc unit has a capacity of 98,304 records with 
each record containing 64 words. 



Sixteen consecutive records can be read or written by 
one instruction. Input or output commands which 
sequentially address the tracks served by the 8 read/ 
write heads, make it possible to read or write 96 
consecutive records without moving the positioning 
arm. The inner heads can address 32 records and the 
outer heads 64 records. 



FILE DISCS 



Each surface of a disc is divided into an inner and an 
outer zone as shown in Figure 11-2. 



Operating Times 

Speed of rotation of discs 
Effective transfer rate: 

Outer zone 

Inner zone 
Average latency time 
Maximum latency time 
Average positioning time 



1200 rpm 

23,700 words/sec 
11,850 words/sec 

26 ms 

52 ms 
199 ms 



There are 128 circular tracks in each zone, providing 
a total of 256 tracks on each side of a disc. The 128 
outer tracks are divided into 16 sectors, while the 128 
inner tracks are divided into 8 sectors. Each track 
sector can store one 64-word record. The transfer 
rate to or from the 128 outer tracks is 500,000 bits, 
or 23,700 words per second. The transfer rate to or 
from the 128 inner tracks is 250,000 bits, or 11,850 
words per second. 



Each word recorded on a disc is an image of the cor- 
responding memory word; that is, it consists of 20 
information bits, plus an odd parity bit. The minimum 
amount of information which can be transferred in 
either direction by one instruction is 64 words, or one 
disc record; data is recorded serially. The maximum 
amount of information which can be transferred in 
either direction by one instruction is sixteen 64-word 
records. A summary of MRADS characteristics is 
given in Figure 11-3. 



Physical Characteristics 

Number of data storage discs per file 16 

Number of recording surfaces 32 

Number of positioning arms 16 
Number of read/write heads per 

positioning arm 8 
Number of read/write heads per 

surface 4 

Number of tracks per surface 256 

Inner zone 128 

Outer zone 128 

Number of words per record 64 

Number of records per track 

Inner zone 8 

Outer zone 16 

Number of records per surface 3,072 

Number of records per 16 disc file 98,304 

Number of data words per file 6,291,456 



Figure 11-3. Summary of MRADS Characteristics 
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Read- write heads numbered 0-7 
4 heads per side - 8 heads per disc 

Heads 0, 1, 2 and 3 serve the 
inner zone of a disc. 



16 discs per file 



Heads 4,5,6 and 7 serve the 
outer zone of each disc. 



OJ 



Figure 11-4. MRADS Positioning Arm and Head Configuration 



CONTROL WORDS 



Synchronization Word 



In addition to the 64 words of information in a record, 
three additional words are associatedwith each sector. 
These are the header word, the longitudinal parity 
check word, and the synchronization word. 



The third additional word in each sector is the syn- 
chronization word which identifies the endof a record. 
The purpose of the synchronization word is for timing 
and need not directly concern the programmer. 



Header Word 



ERROR CHECKING FEATURES 



A header word precedes each sector and contains the 
record address. This word is permanently recorded 
and is not available to the programmer except for 
addressing the record. When a search is made to 
locate the correct recordfor a read or write operation, 
the header address and the address contained in the 
instruction word are compared. When the two ad- 
dresses are confirmed electronically, the addressed 
record is read or written, depending upon the com- 
mands issued. 



Longltudinai Parity Check Word 



The second additional word associated with each record 
is generated in the controller when the record is 
written. This word (word 65) consists of twenty 
longitudinal parity check bits, one parity bit for each 
of the twenty bit positions of all 64 data words. 



There are many built-in precautions to make certain 
that there is a reliable transfer of data between com- 
puter memory and the MRADS. These checks are: 

1. Parity Check 

The controller odd parity error check is used 
during both read and write transfers. If a parity 
error is sensed at the controller during transfer 
between the MRADS controller and memory, the 
controller parity light is turned on. The GE-225 
can be programmed so that, when this condition is 
sensed, the data can be reread or rewritten until 
a correct transfer is completed. 

2. Memory Access Check 

A memory access error occurs when memory 
access is requested by the MRADS controller but 
access is not granted. However, the MRADS con- 
troller is equipped with a buffer which allows a 
delay of one access time before this type of input/ 
output error condition can occur. Controller 
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selector plug is normally assigned to the MRADS 
controller to reduce the occurrence of this type of 
error. If a memory access error occurs during 
an operation, the programmer must repeat the 
operation. 

3. Clocking Check 

The clocking check enables the MRADS controller 
error light to be turned on if there is an incon- 
sistency in the frequency of data transfer during 
a read or write operation. 



4. Address Confirmation 

Each record on the MRADS disc file has a header 
word preceding the first word of the 64-word 
record. Before a read or write instruction is pro- 
cessed, a comparison is made between the header 
word and the address contained in the instruc- 
tion. The record is not considered as addressed 
until both addresses have been confirmed elec- 
tronically. After confirmation, reading or writing 
occurs when the head senses the record to be 
processed. 



Longitudinal Parity Word 

A longitudinal parity or check word is written as 
part of each record, following record word 64. 
If a parity error is detected by the controller 
during the read process, word 65, the check word, 
is automatically read into memory along with 
the 64-word record and the parity error indi- 
cator is set. If no parity error is detected on the 
file read process, word65doesnot enter memory. 
Word 65 becomes significant when several unsuc- 
cessful attempts are made to correctly read a 
record. If this occurs, a subroutine can check 
word 65; if only one bit is lost, the record can be 
reconstructed by inserting the correct bit, and 
processing will continue without interruption. If 
it should ever happen that more than one bit is 
lost, the record cannot be restored internally. 
However, the program can provide for typing out 
the record with the incorrect words and continue 
processing without interruption. Manual cor- 
rection from reference sources is then necessary. 



Read After Write Check 

This error check is under program control. (See 

Special Bit Configuration description below.) 

Additional Error Checks 

Other error conditions, such as an invalid address, 
parity error in address, selection of a file not on- 
line, and electro-mechanical failures can also be 
detected. Except for the electro-mechanical 
failure error, all the error conditions can be cor- 
rected through programming. In addition to con- 
trols mentioned, there are other electronic checks 
used in the equipment to insure accuracy. 



MRADS ADDRESSING 



MRADS addressing is accomplished in a manner 
similar to other devices connected to the controller 
selector in that a SELECT command must be used to 



When the MRADS controller is selected, it receives 
the next two positioning words from memory before 
the operation is executed. The word format for po- 
sitioning an MRADS file follows: 



PRF F 2500000 Word Times: 
OCT (MRADS Address) MMMMMMM' 



Functional Description : POSITION MRADS FILE. One 
of the MRADS units F (0 through 3) is positioned to 
receive or transmit a specific record. The line OCT 
contains the actual MRADS address (octal) of the 
selected MRADS unit. This instruction holds power 
upon completion of the operation. These commands 
must precede any read or write operations. 



Comments : The bit configurations for words two and 
three are: 



Word Two, PRF 



->'4 5 6 7 



±13., 



PRF I File No. loToOOOOOOOOOOJ 



Bit Positions 

through 4 
5 through 7 



8 through 19 



Contents 

Position MRADS instruction 

File number, as follows: 

File = 001 

File 1 = 010 

File 2 = ill 

File 3 = 100 

Must be zero 



Bit combinations in positions 5, 6, and 7 are auto- 
matically developed during assembly. These com- 
binations provide additional file protection, in that bit 
pick-up or drop in these positions is immediately 
detected by error-checking logic. 
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Word Three, OCT 



1 2 *-5 


6 »-ll 


12 *18 


19 


1 1 Disc 


Position 


Record 


0/1 



0-15 



0-fi3 



0-9R 



Read 
Next 
Sector 



Head Number 


Record Number 





- 7 


1 


8 - 15 


2 


16 - 23 


3 


24 - 31 


4 


32 - 47 


5 


48 - 63 


6 


64 - 79 


7 


80 - 95 



Bit Positions Contents 

and 1 Must be zero 

2 through 5 Selects the disc number, 

through 15. 
6 through 11 Position, through 63 

involved in information 

transfer. 
12 through 18 Record, through 95, to be 

read or written. 
19 Zero. See last paragrapli 

of this Comments section. 



The seven bits, 12 through 18, designate the head which 
will read or write, as well as the number of the record. 
Aii 96 records that can be read when me arm is m a 
e*iver» nosition f»an ViP 5^fi(iT^«3*2A(i Yk^r th^ s*^v9n v^^ov^ 
wIlS Wiiobc uiiicti _y Vtiiuc vai le& iiOlli OOUUOuu 101" I'tiCUl'U 

zero to 1011111 for record 95. 



As has been pointed out, the maximum number of 
records which can be transferred by one instruction is 
16. It is not necessary that these 16 records (or any 
part of 16 records) all be in the outer tracks or all 
be in the inner tracks. The transfer of information 
during the execution of an instruction can start in 
the inner tracks and continue in the outer tracks. 
As records are being transferred, a count is main- 
tained in the MEADS controller so that the read or 
write operation continues for the specified number of 
records. The sequential incrementing of the RECORD 
address in the controller automatically results in the 
proper head switching. Because record 95 is the 
highest valid address, incrementing the address in 
the controller beyond 95 causes the counter to be set 
to zero and record zero of the specified position is 

auuress recora yo, request 16 records to be trans- 
ferred, and still have 16 records transferred. 



Note: To read 96 records, the instruction must be 
modified to obtain groups of 16 records. However, 
positioning time is eliminated. 



The bit configurations shown in Figure 11-5 indicate 
the manner in which specific records are addressed. 
(Bits 14 and 15 determine inner zone heads through 
3; bits 12, 13, and 14 determine outer zone heads 4 
through 7. Bits 16, 17, and 18 determine inner zone 
sectors through 7; and bits 15, 16, 17, and 18 deter- 
mine outer zone sectors through 15.) 



NOTE: If 96 records are written, starting from record 
as indicated in Figure 11-5, five instruction modi- 
fications are required. If (by programming) an attempt 
is made to increment the bit configuration for record 
95 (1011111) by one, bits 12 and 13 will become ones; 
this produces an invalid record address which results 
in an error signal when an attempt is made to use the 
address. 



The following disc positions must be reserved for 
diagnostic routines: 



Disc 


Position 


Head 


Sector 














15 


63 


7 


0-15 



Selection of the record tobe transferredautomatically 
selects the head to perform the read or write oper- 
ation. Each of the eight heads on the arm can read a 
specified number of records as follows: 



It should also be noted that bit 19 of word three, identi- 
fied by READ NEXT SECTOR, is a variable. When 
bit 19 ofword three is ON (contains a one) the RECORD 
address is ignored and the subsequent reading or 
writing operation takes place in the next sector. Bit 
19 of word three is used when it is desired to sample 
a record from a given position of the positioning arm. 
Rather than search for a specific record out of the 96 
possible records, the next record can be read. This 
form of addressing can also be used when it is known 
that every sector in a track is to be transferred and 
it does not make any difference which sector is read 
first. 
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Bit Positions 






Record 


Position 


12 


13 


14 


15 


16 


17 


18 













to 












to 


Inner tracks 0-63 (top of disc) 














1 

1 


1 

X 


1 


7 













1 
to 











8 
to 


Inner tracks 0-63 (top of disc) 











1 


1 


1 


1 


15 










1 




to 











16 
to 


Inner tracks 0-63 (bottom of disc) 








1 





1 


1 


1 


23 










1 


1 

to 











24 
to 


Inner tracks 0-63 (bottom of disc) 








1 


1 


1 


1 


1 


31 







1 







to 











32 

to 


Outer tracks 0-63 (top of disc) 





1 





1 


1 


1 


1 


47 







1 


1 



to 











48 
to 


Outer tracks 0-63 (top of disc) 





1 


1 


1 


1 


1 


1 


63 













to 











64 
to 


Outer tracks 0-63 (bottom of disc) 










1 


1 


1 


1 


79 









1 




to 











80 
to 


Outer tracks 0-63 (bottom of disc) 







1 


1 


1 


1 


1 


95 






1 







to 











96 through 127 are invalid record addresses. 
Thus, when an address is generated, only one 




1 


1 


1 


1 


1 


1 


test (bits 12 and 13) is needed to detect an 
illegal address. 



Figure 11-5. MRADS Record Address Bit Configurations 



MRADS DATA TRANSFER 
INSTRUCTIONS 



retrieved. The GAP instructions for read/write oper- 
ations follow. 



A MRADS unit which has been positioned can be ad- 
dressed for a read or write operation. It is first 
necessary to give a SEL P instruction which selects 
the controller selector plug (P) into which the MRADS 
unit is connected. Once the MRADS unit has been se- 
lected by the controller selector, the MRADS controller 
goes busy and waits for the next two words from 
memory. These words are sent to the MRADS con- 
troller and indicate the operation to be performed (read 
or write), the file which is to perform the operation, the 
number of records to be transferred and the starting 
address in memory where information is to be sent or 



RRF N F 1200000 Word Times: 2 

(blank) M OOMMMMM 



Functional Description: READ FROM MRADS UNIT F. 
N is the number (1 through 16) of 64-word records 
to be transmitted from MRADS to core storage. F is 
the number (0 through 3) of the selected MRADS unit. 
M is the core memory address into which the first 
word of the record is stored. Power is held on the 
arm after execution of this instruction. 
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WRF 
(blank) 



N 
M 



3700000 
OOMMMMM 



Word Times: 2 



Word Three 



Functional Description : WRITE ON MEADS UNIT F. 
to be transmitted from core storage to MEADS. F is 

+!,« «..w,v.nT. ^n th■r•r^^^n^h <l\ nf tV>o coloofofi A/T R A TIS Unit 

UiC IIUIXIU^X \V LUX ^yVtgXA «/ "-f* «.««\- .^v^xv^VJt.u'^ XIX ^ vx x.L^ h.^ mx^^^.* 

M is the core memory address from which the first 
word is to be transmitted. Power is held on the arm 
after execution of this instruction. 



ERD N F 1201000 Word Times: 2 

(blank) M OOMMMMM 

Functional Description: Performs the same function 
as ERF, except that power is dropped from the arm 
upon completion of the read operation. 



WED N F 3701000 Word Times: 2 

(blank) M OOMMMMM 



Functional Description : Performs the same function 
as WEF, except that power is dropped from the arm 



Comments : Note that a position instruction sequence 
(SEL, PEF, OCT) must precede any read or write 
sequence. The format for MRADS data transfer in- 
structions is: 



Word Two 



»'4 


5 t-lS 


14 ►IQ 





Origin Address 


i 0| 



Multiple of 64 



Bit Positions 

through 4 
5 through 13 



14 through 19 



Contents 

Must be zero 

Starting location for read 

or write operation. 

Must be multiple of 64. 
Must be zero, because 

origin address is multiple 

of 64. 



Special Bit Configurations 



Normally, bit positions 8 through 1 1 of word two of 
the read and write instructions contain zeros. How- 
ever, there are special bit characteristics for these 
positions that are valuable for checking and timing. 
These are described below. 

READ-AFTER-WRITE PARITY CHECK - BIT 
POSITION 9 



rrin'^ '-ift-ny 



-io**i+Ti /->hor>V- />on V»o r>o**fr»f 



me controller il oit v in ine reaa insiruction is set to i. 
If an error shouldoccur, it maybe detected under pro- 
gram control. During this check, no data (including 
the 65th check word) is transferred to memory. Fur- 
ther, the controller is busy until the parity check is 
completed. When the controller becomes ready, the 
program must check the parity error branch, and if 
an error occurs, the record should be rewritten. This 
check requires a minimum of 52 milliseconds. 



Read or 
Write 



5 6 7 8- 



File 
Number 



♦■11 12— »14 15 — ►ig 











Number 
of Records 



0-3 Minox- 

Ops 
Code 



Bit Positions 



through 4 



5 through 7 
8 through 11 



12 through 14 
15 through 19 



16 



Contents 

Operation code; 
read = octal 12 
write = octal 37 

File number, through 3 

Reserved for minor oper- 
ation codes, described in 
Special Bit Configurations 

Must be zero 

Number of records to be 
transferred, 1 through 16 



RAW 
(blank) 



N 
zero 



1202000 
0000000 



Word Times: 2 



Functional Description : READ AFTEE WRITE CHECK. 
N is the number (1-16) of 64-word records to be 
checked. F is the number (0-3) of the MRADS unit se- 
lected. The second command word of this read instruc- 
tion contains zeros. A seek command (SEL, PRF, 
OCT) must precede any read or write commands. 



dropping power and for the read-after-write check. 
Thus, if GAP n is used itis not necessary to set these 
bits. 



This command enables a parity check to be made on all 
words of a record(s) transferred to the file. The check 
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is made after the data has been transferred to the 
controller, but no transfer of data is made to the cen- 
tral processor. 






one record contains a unit or several units of infor- 
mation.) The savings with this type of dump routine 
would be the average latency time of 25 milliseconds 
per track. At the lower tape speeds this would not be 
of particular advantage as the dump is tape bound. 



Bit positions 8 through 11 of the read and write instruc- 
tions are normally zero. When bit position 10 is zero, 
power remains on for the actuator being used and the 
arm position is held. Thus, it is possible to read a 
record, update it, and write it back into random access 
memory in the same location without consuming time 
for positioning, although latency time must still be 
considered. The RRF and WRF, read and write, in- 
structions hold power after the operation is complete. 
RED and WRD, read and write, instructions will drop 
power after the operation and the position will not be 
retained. 



There are other advantages to holding power. For 
example, positioning time can be saved when it is 
known that the next operation can be performed with- 
out changing the arm position. 



In many cases of purely random processing it is ad- 
vantageous to drop power on the actuator after reading 
or writing. This saves 9 ms each time a different 
arm or position is addressed. When a 1-bit is inserted 
in position 10 of the read or write instructions, power 
is turned off and the position is not held after the 
operation has been completed. 



READ NEXT SECTOR - BIT POSITION 19 

Bit 19, READ NEXT SECTOR, of the OCT instruction, 
word 3 of the positioning instructions, is a valuable 
tool. When set to zero, only the specific record 
indicated by the instruction is read. However, when 
the bit is set to 1, the sector part of the instruction 
is ignored, the specified head is selected, and the next 
record to come under the read-write head is read into 
memory. The entire track can be read into memory 
by so indicating in the read instruction. For example, 
if it is desired to read eight records from head and 
the first record read is three, the transfer to memory 
is in the sequence: 3, 4, 5, 6, 7, 0, 1, 2. Under similar 
circumstances, with bit 19 set to zero (normal) the 
sequence would be 3, 4, 5, 6, 7, 8, 9, 10. In this case, 
head switching is accomplished automatically. This 
cuts latency time almost to zero. 



Bit 19 is useful for dumping disc storage onto mag- 
netic tape or cards for file protection or sorting. 
Since the data in disc storage is in random sequence, 
the sequence of dumping the data onto magnetic tape 
before sorting is not important. (This assumes that 



MRADS OPERATING TIMES 



Access Time 



Access time to a record stored in a disc file is defined 
as the time from the initiation of a seek command to 
the time when the first data bit in the record is read. 
This assumes that no delays are incurred because of 
the computer program. Figure 11-6 illustrates the 
major components of total access time. The numbers 
below each letter represents milliseconds (ms) of 
time. 



. 












Positioning Timp 


Latency 1 


rime 


A 


B C 


D 


E 


F 


or 9 ms 


or 6-9 ms 0-235 ms 


or 52 ms 


3.2-48.8 ms 


3.2-6.4 ms 



Position Record Transfer 

Con- Con- Time 

firmation firmation 
Time 



A. A Power Off Delay is incurred when the seek com- 
mand calls for a new position or arm. This delay 
will be incurred if power was not dropped after the 
last read orwrite command, orpower was dropped 
after the last read or write command and a new 
seek command was received before power had 
been dropped. 

B. A Power On Delay is incurred any time an arm 
(with power off) must be moved to a specified po- 
sition. 

C. Travel Time. (Basically, this depends upon the 
starting position of the arm, the direction of move- 
ment, and the number of positions to be moved.) 

D. Position Confirmation Time is the amount of time 
required to verify that the head is ready to read 
or write on the correct track. 

E. Latency Time is the rotational delay incurred from 
completion of address confirmation until the 
proper record is available. 



Figure 11-6. MRADS Timing 
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Positioning Time 

Positioning time isA + B + C + D (Figure 11-6). How- 
ever, it may be zero. See Case 2 below. 

Relationship Between Commands 
and Hardware 



To minimize access time, read or write instructions 
should be issued as soon as the controller becomes 
ready, following the issuance of the seek instruction. 
The controller holds the instructions and automatically 
instructs the file to read or write upon receiving the 
file ready signal. The following cases illustrate 
possible conditions that may occur in connection with 
access time. In all cases, assume that the controller 
is ready. 

Case 1 - There are no commands held by the controller 
and power is not applied to any actuator. In this case, 
as soon as a seek command is received by the con- 
troller and an address is sent to the file, power is 
brought up on the actuator and positioning starts. Thus, 
arm positioning time is B + C + D. If there are no 
file errors during this time, after the record address 



has been confirmed, the file will signal the controller 
'file ready.' A read or write command may be issued 
to the controller any time after the seek command is 
transferred and when controller ready (80 micro- 
seconds) occurs. 

Case 2 - A read or write operation has just been 
completed and the instruction executed did not cause 
actuator power to be turned off. In this case, if a new 
seek command specifies a record on the same disc 
which does not require movement of the arm, there is 
no positioning time. The only delay is due to latency 
time. However, if a new disc or new position is ad- 
dressed, the positioning time is A + B + C + D, since 
power must be dropped on the actuator and then brought 
up for the new position. 

Case 3 - Seek and read instructions haVe been sent to 
the controller, observing proper programming pro- 
cedures, but a file error occurs prior to completion 
of time period D. In this case, the file will not send a 
ready pulse to the controller. However, the file error 
and controller ready branch condition will be set. It 
is up to the program to interrogate and initiate error 
recovery procedures. 

The diagram in Figure 11-7 summarizes the inter- 
relationship of commands and the physical units. 



tJtiiij 
PRF 
OCT 



I 



80+ 
us 
(Note 1.) 



-Access iime- 



Posilioning unit! 


1 — : ■— 

l_.aLtiiicy 1 iilit; 


A 


B 


C 


D 


E 


F 



L.O iiio 

to read 
or write 
(Note 4.) 



-Controller Ready (Note 2. 



-Addressed File is Seeking (Note 3. 



-READ or WRITE Commands may be issued 
during this time 



The controller becomes busy when a read or write instruction is given, and 
remains busy until the operation is completed. 



Notes: 



the controller will hold either until the unit signals 
that it is ready. 



During this time, the seek instruction goes to the 
controller, and the controller becomes ready after 
80 microseconds. 

Seeks may be overlapped if more than one unit is 



A read or write command (or, if desired, a new 
seek) may be given during this period. The unit 
will signal the controller when it is ready. If read 
or write commands are given during access time, 



When the unit is ready to read or write and in- 
structions have not yet been issued, 1.8 milli- 
seconds are available to issue the commands. If 
the issuance of the command is delayed beyond the 
1.8 millisecond period, another 52 milliseconds 

iimII alQrtca VicifnT'o vdoHino- nv urvi+ino* npniiys 



Editing, etc, may be accomplished during po- 
sitioning time. If, under program control, it is 
found to be undesirable to read or write a record 
for which a seek command has been issued, a new 
seek instruction for a specific unit may be issued. 



Figure 11-7. MRADS Instruction Timing 
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MRADS CONTROLLER 
TEST-AND-BRANCH INSTRUCTIONS 



The following branch instructions test the controller 
to determine whether a particular MRADS condition 

lO LA Lie L^A ACLXO^t AA Llll^ l^VJllLAA mjll l.\^ d.v^ \^ AtJ VAVAV,* t**^ 

computer executes the next sequential instruction. If 
the condition tested is false, the computer skips the 
next instruction and executes the second sequential 
instruction. The controller must be ' ready' before any 
other branch condition is tested. 



BCS 



RPE 



P 2514P26 Word Times: 2 | 



Functional Description : BRANCH ON PARITY ERROR. 
The MRADS controller on Plug P is tested for parity 
error indicator on. 



BCS 



RFC 



2516P24 Word Times: 2 | 



Functional Description: BRANCH ON PARITY COR- 
RECT. The MRADS controller on PlugPis tested for 
parity error indicator off. 



BCS BRN 



2516P20 Word Times: 2 



Functional Description : BRANCH ON MRADS CON- 
TROLLER NOT READY. The MRADS controller on 
Plug P is tested for a not-ready condition. 



BCS 



BER 



2514P27 



Word Times: 2 



Functional Description : BRANCH ON ANY ERROR. 
The MRADS controller on Plug P is tested for error 
indicator on. These conditions are: 



HAP Coding: 



Symbol 


Opr 


Operand 


X 


1 1 2 1 3 1 4 1 B 1 « 


» 1 . 1,0 


I2jl31'*il5|l6p7[18il9 


20 




B,C,S 


B ,R ,N 







B.R.U 


* .- ,1 





















The above example is typical of programming all 
MRADS test and branch instructions. 



1. Illegal command for specific controller 

2. Input/output error 

3. Parity error 

4. Any type of file error 



BCS 



BNE 



2516P27 



Word Times: 2 



Functional Description: BRANCH ON NO ERROR. The 
MRADS controller on Plug P is tested for error indi- 
cator off. 



MRADS UNIT TEST-AND-BRANCH 
INSTRUCTIONS 



BCS 



BRR 



2514P20 



Word Times: 2 



Functional Description : BRANCH ON MRADS CON- 
TROLLER READY. The MRADS controller on PlugP 
is tested for the ready condition. 



BCS 



BIO 



2514P25 



Word Times: 2 



Functional Description : BRANCH ON INPUT/OUTPUT 
ERROR. The MRADS controller on Plug P is tested for 
input/output error indicator on. 



BCS 



BIC 



2516P25 



Word Times: 2 



Functional Description : BRANCH ON INPUT/OUTPUT 
CORRECT. The MRADS controller on PlugP is tested 
for the input/output error indicator off. 



BCS FKR P 2514P21 (File 0) Word Times: 2 

or 2514P22 (File 1) 

or 2514P23 (File 2) 
or 2514P24 (File 3) 

Functional Description : BRANCH ON FILE K READY. 
The specified MRADS unit K on controller Plug P is 
tested for ready status. Kin the mnemonic is replaced 
by the file number 0, 1, 2, or 3, and may be program 
modified. Ready indicates that a seek command has 
been executed and that the file is ready to read or 
write. 



BCS FKN P 2516P21 (File 0) Word Times: 2 

or 2516P22 (File 1) 

or 2516P23 (File 2) 
or 2516P24 (File 3) 

Functional Description : BRANCH ON FILE K NOT 
READY. The specified MRADS unit K on controller 
Plug P is tested for a not- ready status. K in the 






Mil 



XI- 10 



October 1963 



mnemonic is replaced by tlie file number 0, 1, 2, or 3, 
and may be program modified. Ready indicates that 
a seek command has been executed and that the file 
is ready to read or write. 



BCS 



FAE 



2514P31 



Word Times: 2 



Functional Description: BRANCH ON ERROR - ON 
ANY FILE. The MRADS units on controller Plug P are 
toQtfiH fnr filp frvnr indicator on. If any file has an 



this instruction. 



BCS 



FAC 



2516P31 



Word Times: 2 



Functional Description : BRANCH ON NO ERROR - 
ANY FILE. The MRADS units on controller Plug P are 
tested for file error indicator off. If any file has an 
error, the condition will be set and can be tested with 
this instruction. 



BCS FKE 



P 2514P32 (File 0) 
or 2514P33 (File 1) 
or 2514P34 (File 2) 
or 2514P35 (File 3) 



Word Times: 2 



Functional Description : BRANCH ON FILE K, FILE 
ERROR. Tilt; topeciiie J MRADS uni'Luiicuiitivjllci Flag, 
P is tested for a file error. K in the mnemonic is 
replaced by file number 0, 1, 2, or 3, andmaybe pro- 
gram modified. 



BCS FKC 



P 2516P32 (FileO) 
or 2516P33 (File 1) 
or 2516P34 (File 2) 
or 2516P35 (File 3) 



Word Times: 2 



Functional Description : BRANCH ON UNIT K, NO UNIT 
ERROR. The specific MRADS unit K on selector Plug 
P is tested for no file error. K in the mnemonic is 
replaced by file number 0, 1, 2, or 3. K may be pro- 
gram modified. 

NOTE : When a file error is set, it will remain set 
until a seek instruction for that specific file is issued. 
(For instance, to clear an error on File 0, a seek in- 
struction for File must be given.) As long as any 
file holds an error, the FAE and FAC branches will 
indicate that an error exists. 



MRADS PROGRAMMING SEQUENCE 

Before attempting to execute a MRADS operation, the 
programmer must test the MRADS controller for a 
ready status and for any error condition resulting 
from a previous operation. Figure 11-8 is a flow 
chart illustrating the proper programming sequence. 



This sequence of instructions is necessary for every 
read or write operation regardless of whether or not 
a new arm position is required. There is no rule 
requiring that the ready branch following a seek com- 
mand be executed within any given length of time. It 
is also good programming practice to check for 'any 
error' after read or write operations. If 'any error' 




^ Error Routine 



PRF 



C Controller 
Ready ? 



Yes 



V 



Any 
Errors? 



-► Error Routine 



Yes 



No 



Seek or Read or Write 



fSEL 
( PRF or 
I^OCT 



SEL 
WRF or 
Blank 



SEL 
RRF 
Blank 



Figure 11-8. MRADS Programming Sequence 
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GAP Coding : 



MRADS PROGRAMMING EXAMPLES 



Op. 


Operand 


X 


REMARKS 


> j • 1 le 


'■l-i-l-l-l i" 


J9 


31 I! 






n 


THPHK FOB REAriY STATUS 


H R II 


• , - , 1 . , , 






B C, S 


B E R 







B R 11 


ERROR 




BRANCH TO ERROR ROUTINE 












, 







Example 1 

Read a record from MRADS unit 1; MRADS 1 is plugged 
into controller selector Plug 0. The record is to be 
read into symbolic memory location RAMIN. The 
record is located at disc 10, track position 35, and 
record 15. 



If the controller is ready and there are no errors, the 
first set of commands to be executed will initiate a 
seek operation on the specified file. 



GAP Coding : 



GAP Coding : 



Op. 


Op«.«nd 


X 


REMARKS 


. 1 . i.O 


11 { I. 1 Wj IB{ I. 1 IT 1 It i 1* 


IS 




S E ,L 







SELECT PLUG 


P .R F 


1 




POSITION MRADS UNIT 


O.C T 


0,5 2,14,3,6. 














, 


, . , 


_^ 







Op- 


Opafind 


X 


REMARKS 










B C S 


B R N 


(1 




R R T 


. - 1 






S E L 







RRLFCT PT.Iir, n 


P R F 


1 




POSITION MPAHS IRJTT 1 


OCT 


5 2 14 3 6 






B C S 


te R N 





DELAY UNTIL CONTROLLER IS READY 


B R U 








S E L 






R R F 


f; 




READ RECORD FROM MRADS 










B C S 


Tt R N. 


fl 


DELAY UNTIL READ IS COMPLETED 


" 










" 






1 



The OCT command of line 5 is constructed as shown 
below: 



Following the transfer of the seek command to the 
controller, another 'Branch on Controller Ready' 
command should be programmed. This delay is ap- 
proximately 80 microseconds. 



GAP Coding : 



Opr 


Operand 


X 


REMARKS 


. 1 . po 


It 1 l> 1 I4| l> { l>{ IT 1 It I 1. 


la 


31 " 


R , C ,S 


B .R N , , , 


n 




B.R U 


* .- 1 , , 




DELAY FOR COMPLETION OF OPERATION 



















Bit Position 


0< — ►S 


6'«-»'ll 


12*-»-18 


19 


Address 


Disc 


Track 


Record 


RNS 


Bits 


001010 


100011 


0001111 





Octal Code 


5 


.,-AVV_— A-vA^^_ 


) 


2 14 3 6 



Example 2 

Using the data of Example 1, assume that all address 
data is known except the record number. Read the 
record within range of access on the same file, disc, 
and track. Assume that the record to be read will 
furnish further information for the 'search' and further 
processing will interrogate the data within the record 
itself. 



Any time after the controller is ready, the program 
may either initiate a seek on another disc file, transfer 
a read or write command to the file already selected, 
or alter the previous seek command. 



GAP Coding: 



GAP Coding : 



Op. 


Op.f..d 


X 


REMARKS 


, . , 11 


1, 1 1. , l.| I! 1 1. 1 1. 1 1. 1 1* 


10 




S E L 


, 






R R F 


1 , , 




READ RECORn FROM MRADS 


6 4 













Op. 


Operand 


X 


REMARKS 


• . i 11 


1; ' 1 . 1 1. < IS 1g .) 11119 






R C, S 


R R N 





CHECK FOR CONTROLLER READY 


R R U 


* - 1 






S E L 









P R F 


t 




POSITION MRADS UNIT 1 


OCT 


' 5 2 1 4 0,1 






R C S ; R R N 


n 




j_£_i; 


• - 1 






S E L 


1 , 






R R F 


1 


1 


READ RECORD FROM MRADS 




RAMIN 






B C S 


B R N, 







B R U 


* - 1 






; 


1 
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The preceding coding is identical with that of Example 
1, except for the address of the OCT instruction. This 
address is constructed as follows. 



MRADS WITH AUTOMATIC 
PROGRAM INTERRUPT (API) 



JPll, .fOtilUOll 



Address 



Octal Code 



Disc 



4 4 I 1 t\ 

Hi 1 i/5« 



►18 



Track J Record 



5 2 



RNS 



The MRADS eoiitroiler contains a manual switch which 
may be used during normal programmed operation, if 
the computer is equipped with the Automatic Program 
Interrupt feature. In the off position, interrupt pulses 
will not be transmitted. If the switch is on, interrupt 
can occur as described below. 



Example 3 

With reference to Example 1, write a record into the 
MRADS unit from symbolic location RAMEN. Assume 
the MRADS has been positioned at the desired address 
by a seek command. 



The system design will determine whether an MRADS 
program is to be run in conjunction with another 'main' 
program. If this should be the case, with the switch 
on (and depending upon the manner in which the inter- 
rupt is programmed) automatic program interrupt 
will occur under the following circumstances: 

1. A read or write operation has been completed. 



GAP Coding : 



Opt 


Opmnd 


X 


UMAUtS 


■ 1 • i" 


■•i-i"l"l'-i"i"l" 


i> 


" -■■" — 7J 


P,<?,s 


B ,R ,N . . , 







B,R,U 


• .- 1 . . . 






S,E,L 


, 






W. R F 


1 


] 


WRITE RECORD ON MRADS ITNIT I 




R,A M 1 N 






H PS 


R ,R N , ... 


n 




B.R.U|» - ,1 J 






. 1 , . . . , 



2. A seek instruction has been completed and the file 
is ready to read or write. If the controller is 
holding a read or write instruction, no interrupt 
will be provided. 

3. A file error is received during the seek operation 
and the controller is holding a read or write in- 
struction for the file that has the error. 

t. The cuuliullei leceivea a. rea.u ui wiile iiioLiuu- 

tion for a file which is holding an error condition. 
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SECTION XII 



AUXILIARY ARITHMETIC UNIT OPERATIONS 



The addition of the Auxiliary Arithmetic Unit (AAU) 
extends the arithmetic capability of the GE-225 sys- 
tem; it is particularly useful in applications where 
numerous floating-point or double word calculations 
are required. The AAU processes floating-point 
arithmetic at much higher speeds than is possible when 
using a programmed floating-point package. The latter 
method is used only when a system does not include an 
AAU. Floating-point word format is the same in either 
case, however. 



AUXILIARY .ARITHMETIC UNIT 



Modes 

Three modes of calculations are performed by the 
AAU: unnormalized floating-point, normalized float- 
ing-point, and fixed-point operations. It is usual to do 
floating-point operations in the normalized mode. A 
normalized number is one in which the most significant 
non-zero bit of the mantissa is notpreceded by leading 
zeros. For example, the decimal number 6786 might 
be represented in unnormalized form as: 

.006786 X 106 



Hi liui iiiaiizjeu lOiiii, 



wuLtJ-ia uc. 



Although the AAU is connected through the controller 
selector to the central processor, it is not an input/ 
output device; it is an extension of the basic arithmetic 
unit. By routing access to the AAU through connector 
plug 7 of the controller selector and the automatic pro- 
gram interrupt controls, simultaneous AAU and central 
processor arithmetic unit operations are possible. Due 
to its control logic, the AAU can be connected to con- 
troller selector plug 7 only. 

Function 

The central processor is readily adaptable to com- 
puting ranges of numbers with fixed decimal points, 
such as whole numbers orwhole numbers with decimal 
fractions (example: dollars and cents, where the 
fractional portion of the number is always two decimal 
digits). When the calculations involve numbers that 
have varying format, such are often found in scientific 
calculations, the programmer must keep track of the 
location of the radix point. This can be laborious and 
can easily lead to errors. The AAU enables the pro- 
grammer to use floating-point arithmetic with both 
ease and speed, thereby avoiding most scaling con- 
siderations. In some respects, the AAU can be thought 
of as an extension of the central processor with larger 
registers, thereby permitting calculations of greater 
complexity than does the arithmetic unit alone. 



.6786 x 10^ 

Addition, subtraction, multiplication, and division can 
be done in any of the three modes of operation. Special 
commands, discussed later in this section, enable the 
execution of the desired type of calculation. 

Controller 

All AAU operations are conducted through the AAU 
controller. However, unlike controller selector pe- 
ripherals, the controller and auxiliary arithmetic unit 
are not two separate physical units. They are one 
unit with all normal controller- type functions being 
performed from the AAU to the central processor core 
memory through the controller selector. AH instruc- 
tions for the AAU are routed through the AAU con- 
troller logic which decodes and executes the desired 
operations. A GE-225 system can have only one AAU 
connected to the controller selector. 



i~ I nji iiy 

The AAU is granted access to memory according to its 
priority level in the controller selector priority inter- 
rupt system. This level is pre-established by means 
of convenient plug-in connectors to the controller 
selector. The AAU occupies plug 7 which is the station 
with the lowest priority. Thus, if any peripheral with 
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a higher level priority desires access to memory, the 
AAU must wait. Throughthispriority interrupt system 
of time sharing, the AAU decodes and executes its 
instructions and permits calculations to occur simul- 
taneously with central processor computations. 

An r>nrnmnni r»q tio" "'i^b i'ha nontt^ol rtvnnocorii™ nr\ro 

memory is performed on a priority basis with two 
exceptions: (1), when the AAU controller receives a 
new instruction during the execution of a current in- 
struction, and (2) when the AAU receives a floating- 
point divide instruction and the dividend in the AX and 
QX registers is negative. These two conditions are 
discussed later in this section. 

Registers Affected 

All AAU operations process data in the AAU after data 
passes through the central processor M register, 
where each 20-bit word is checked for parity. The AAU 
has an instruction register to holdAAU instructions, a 
40-bit buffer register which accepts two 20-bit words 
from the central processor to form one 40-bit AAU 
word, a 40-bit adder, and two other 40-bit registers, 
known as the AX and the QX registers whose function is 
similar to the A and Q registers in the central pro- 
cessor (these registers are described under AAU 
Operating Logic). Note that the size of these two 
registers permits both floating-point and fixed-point 
calculations on larger numbers that could be con- 
veniently processed otherwise. 



INSTRUCTION WORDS 



Getting the Mode 

Unlike the requirements for controller selector pe- 
ripherals, three instruction words are not needed to 
initiate operation of the AAU. One reason is because 
there can be only one AAU inaGE-225 system. Also, 
because there is no separate controller with a number 
of operating units like the controller selector periph- 
erals, there is no need to select aplug. As stated, the 
AAU is always on controller plug 7 and thus no SEL 
instruction is needed. All that is required is a set 
mode instruction to select one of the three modes 
before giving an arithmetic instruction. Following a 
set mode are the instructions required to perform the 
desired arithmetic operations. 

Once the set mode instruction is given for the desired 
calculation mode, it need not be given again until the 
programmer wants to change modes. 

T " . -ja-.3, Figure 12-1 shows a program which 
begins calculations in the normalized floating-point 
mode and then switches to the unnormalized floating- 
' „. , -e as directed by the new mode instruction 
shown on line 11. 



GAP Coding: 





Symbol 


Opr 


Operand 




,| . 1 3 1 .] .| e 


. 1 . |10 


12Jl3J14ll6llSll7J 18 119 


1 


S ,T , A R, T 


S ,E ,T 


N ,F ,L ,P ,0 ,1 ,N ,T 


2 




L , D , A 


X, , , , , , 1 


3 




F,S ,U 


Y, , , , , , , 


4 




F, S ,T 


T, F.M, 1 : , , 1 


9 








6 




\ , 




7 




/ ' 




S 




( , 




9 




X , 




10 




F,S ,T 


A D I ,D,0, , , 


11 




S ,E ,T 


U ,F L , P, O, I |N ,T 


12 




L,D,A 


X 1 


13 




,1, 




14 




A, 





Figure 12-1. Setting the Calculating Mode 



AAU instructions are similar in performance to douMe 
word length central processor instructions. For 
example, the AAU load instruction, FLD 3200, double 
loads the contents of locations 3200 and 3201 into the 
40-bit AX register. As is shown later in this section, 
AAU instructions are available to use the AX and QX 
registers together, such as might be required in nor- 
malized floating-point mode multiply operations. 

Format 

Instruction words for the AAU are contained in core 
memory in one 20-bit wordof the same format as cen- 
tral processor instructions. Figure 12-2 shows the 
word organization of a store AAU (FST 3200) instruc- 
tion. 

Modification 
Bits 
Operation 
Code I Operand Address 



r 


^ 


r^^r ^ N 


1 


2 3 4 


5 6 7 


8 9 10 


11 12 13 


14 15 16 


17 18 19 


1 1 


1 1 





110 


1 









3 3 6 2 

Decimal 3200 = Octal 6200 

Figure 12-2. AAU Instruction Word Format 

Bits through 4 contain the operation code; bits 5 and 
6 contain the automatic modification bits, if required; 
bits 7 through 19 contain the address of the operand. 
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As in the case of the central processor, the floating- 
point instructions are available to the user through the 
use of mnemonics which are listed in the instruction 
repertoire. The use of any of the AAU instructions for 
floating-point operations assumes that the operands to 
be acted upon are already in floating-point format. 
Note : information can be placed in floating-point format 
usiner existing subroutines. 



DATA WORD FORMAT 



Data for AAU operations can exist in memory in 
any of three different modes; fixed-point, normalized 
floating-point and unnormalized floating-point. All 
AAU data words exist in the central processor core 
memory as two 20-bit words, with bits of each word 
having meaning according to the mode selected pre- 
viously. Thus, when an instruction such as load the 
AAU with the contents of location 3200 (FLD 3200) is 
received and executed by the AAU, the contents of 3200 
and 3201 are brought into the AAU. The format in 
which the contents of 3200 and 3201 are interpreted 
depends upon the mode in which the AAU is operating. 

Fixed-Point Words 



Fixed-point information can be of the form as shown 
below: 

62487 (integer) 
.62487 (fraction) 
62.487 (mixed number) 

The format for fixed-point words in memory is shown 
in Figure 12-3. To illustrate, the FLD 3200 instruc- 
tion is used. Note that the signs of word one and word 
two are identical for fixed-point double words. Thus, 
when two data words from memory enter the AAU, they 
appear in the AX register as one 40-bit word. As 
shown, the fixed-point word in the AX register con- 
sists of 38 infoi-mation bits, plus two identical sign 
bits. Similarly, a fixed-point word in theQX register 
also consists of 38 information bits and 2 sign bits. 
Note that bit one is the sign bit of the entire word. Bit 
21 (the sign of the mantissa in floating-point format) 
has no significance in fixed-point operation. 

Floating-Point Words 

A floating-point number consists of two parts, an ex- 
ponent and a mantissa. For clarification, it is helpful 
to review some of the basic terms used in floating- 
point arithmetic operations. 



Fixed-point 's a mode of operation whereby the binary 
miorniation in a register (AX or QX) is decoded m 
Rtpniiard hinarv that is, par-h bit has a binary valiip 

1 lie ICdOL Dlg,lllxlOa.iiL UlL, Ult i. O Ul. LilC AllOC ^JaXLCL WUl^^, 

has a binary value of or 1, bit 18 has a binary value 
of 2, bit 17 has a value of 4, bit 16 has a value of 8, 
etc. 

In Memory: 



Word One 



Y (:3200) 






1 




►IG 


s 




Wo 



rd Two 


y+1 (3201) 


^ 1 n 


1^ 






s 





In the AAU AX Register: 



1 


2 - 


Y 


Y and Y+1 
> 20 21 22 


►►40 


s 




S 





th the AAU, the e>rponent (or 
characteristic) is the nine most-siffnificant hits ^pio-ht 



axpuiteiiL. rite U£>tf>. 



,^i ^^. t-,If^ 



^Ai-nAuit; 



Figure 12-3. Fixed-Point Data Word Format. 



Figure 12-4). These bits designate to what power of 
two the mantissa portion of the word must be raised. 

2. Mantissa. Inthe AAU, the mantissa is the 30 least- 
significant bits of a double word. The radix point for 
these 30 bits is assumed to be to the left of the most 
significant of the 30 bits. Thus, the mantissa is frac- 
tional in value (see Figure 12-4). 

The mantissa is multiplied by two raised to the ex- 
ponential power expressed in bits through 8 to give 
the entire word the desired numeric value. 

3. Normalization. In the AAU, positive and negative 
numbers are normalized, or adjusted, so that the man- 
tissa lies in the prescribed range; the absolute value 
of the mantissa must be greater than (or equal to) 1/2 
and less than (or equal to) 1. Algebraically, this is 
expressed as: 1/2 <[ mantissa) < 1. 

Positive numbers are normalized by shifting the man- 
tissa left until its most significant bit (in the AX reg- 

is subtracted from the exponent. 

Negative numbers (in 2's complement form) are nor- 
malized by shifting the mantissa left until its most 
significant bit is a 0-bit, or until the most significant 
bit is a 1-bit and all other mantissa bits are 0-bits. 
The exponent is then adjusted by the number of shifts. 
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The mentioned significant 1-bit in the mantissa is a 
special condition which exists only when the mantissa of 
a negative numberis all zeros. In such cases, the most 
significant bit is a 1 -bit and the exponent is adjusted so 
that the value in the AX register is unchanged. 



The QX register is an extensionof the AX register. It 
also consists of an 8-bit exponent with sign and a 30- 
bit mantissa with sign. The value of the exponent of 
the QXregisteristhe valueof theAX register exponent 
minus 30. 



4. Radix Point. The point in any numbering system 
which separates the whole integers from the fraction. 
Thus, the decimal point is a radix point for the decimal 
system; a binary point is the radix point for the binary 
system. 

Floating-point numbers occupy two 20-bit words in 
memory, as shown in Figure 12-4. The binary point is 
assumed to be before the first bit (bit 9) of the man- 
tissa. This format produces a binary number with a 
30-bit mantissa and a binary characteristic range of 
-256 to +255. This is approximately equal to a decimal 
number with a 9-digit mantissa and a decimal range of 
10"'''' to 10+''''^. The fact that two words are used 
allows one of the sign positions to be applied to the 
exponent. 

When data in the two-word floating-point format enters 
the AAU, it is converted into one word, 40 bits long, as 
shown. 

In Memory: 



EXPONENTIAL ARITHMETIC 



To perform arithmetic operations in the floating-point 
format, several requirements must be met. For 
addition and subtraction problems, the exponents of the 
numbers involved must be equal. It is not probable that 
a common exponent will be used in all problems; how- 
ever, the AAU automatically adjusts exponents. The 
AAU adjusts the exponent with the smaller numeric 
value. Adjustment is accomplished by automatically 
shifting the mantissa of the word with the smaller ex- 
ponent right and incrementing its exponent by the 
number of positions shifted. 

Addition and Subtraction 

Once exponents are equalized, addition or subtraction, 
of the mantissas can occur. The exponent of the answer 
will be the adjusted exponent while the mantissa of the 
answer will be the sum or difference of the shifted 
mantissas. 



Word One 



Multiplication 






1- 


►S 9- 




1»49 


F 


Exponent 


Mantissa 



For multiplication, exponents are added and mantissas 
are multiplied. The resultant exponent in multipli- 
cation is the algebraic sum of the original exponents, 
while the resultant mantissa is the product of multi- 
plying the original mantissas. 



,v'ord Two 
1 



Y+1 



19 



'm 



Mantissa 



H 



S = Sign of Exponent (0 = plus; 1 = minus) 
Sm ^ ^^^ °* Mantissa (0 = plus; 1 = minus) 



In the AAU: 



Y+1 



1 2 



-»9 10 



-♦20 21 22 



-^40 



Se 


Exponent 


Mantissa 
(1st 11 bits) 


Sm 


Mantissa 
(Last 19 bits) 



bg = Sign of Exponent 
S~ = Sign of Mantissa 



Figure 12-4. Floating-Point Data Word Format 



Division 

In division, the exponent of the divisior is subtracted 
from the exponent of the dividend, and the mantissa of 
the dividend is divided by the mantissa of the divisor. 
The resultant exponent is the algebraic difference 
between the dividend and the divisor exponents. The 
resultant mantissa is the result of the algebraic divi- 
sion of the dividend mantissa by the divisor mantissa. 
In summary, floating-point division causes the sub- 
traction of exponents and division of mantissas. 

Overflow and Underflow 

Floating-point arithmetic operations can result in 
overflow or underflow during both normalize and un- 
normalize modes. 

Overflow occurs if the exponent of a partial or final 
result in the AX register exceeds +3778 (+255io)- 

Underflow occurs when the exponent of a partial or 
final result in the AX register becomes less than -4008 
(-25610). 
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Overflow or underflow can result at any of these times: 

1. During the formation of the initial estimate of the 
result exponent. 

2. During a right shift one and add one as a result of 
mantissa overflow. 

3. During the normalization of a result (normalize 
mode). Recall that normalization involves shifting 
the mantissa left N places and adding N to the ex- 
ponent, possibly causing overfloWi N being the 
number of leading zeros in a positive mantissa or 
the 2's complement of the negative mantissa. 

FAD Instruction. Overflow or underflow can occur 
during events 2 and 3, above, never during event 1. 

FSU Instruction. Overflow or underflow can occur 
during events 2 and 3, above, never during event 1. 



FMP Instruction. Overflow or underflow can occur 
during events 1 and 3, above. Overflow during event 2 
could only occur if both operands were the maximum 
negative values (this is illegal and results in unde- 
tected errors). 

FDV Instruction. Overflow or underflow can occur 
during events 1 and 3. Also, overflow can occur during 
event 2 ji Am>BM and AM/2< Bm, where Am = the 
dividend mantissa and Bm = the divisor mantissa. 



AAU OPERATING LOGIC 



Before AAU operations can be performed, the ap- 
propriate instruction such as load the AAU (FLD) is 
sent to the AAU control circuitry, once the AAU is 
granted access to memory. This instruction is stored 
in the AAU 20-bit instruction register (Figure 12-5). 
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Figure 12-5. AAU Register Operations 
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Priority 

As discussed earlier, all communication with central 
processor core memory is performed through the AAU 
when, under the priority interrupt system, it is granted 
access to memory. There are two basic exceptions: 

1. Once the AAU is given an arithmetic function to 
perform, the AAU operates independently of the 
central processor. If a second instruction is given 
to the AAU before the first instruction is com- 
pleted, the AAU prevents the computer program 
from, advancing by removing computer priority 
through the controller selector. 

2. The normal priority arrangement also is inter- 
rupted if the AAU receives a floating-point divide 
instruction and the dividend in the AX and QX 
registers is negative. During the request for 
priority, the 2's complement of the dividend is 
formed in the AX and QX registers. 

At the elimination of either of these two conditions, 
priority is returned to the central processor so that it 
may complete its function with respect to the current 
operation. Note that, whenpriority is taken away from 
the computer, it is also taken away from the card 
punch. However, the AAU can not monopolize priority 
to the extent that card punch operations are affected. 
Also, a unit of higher priority can override a priority 
request from the AAU. 

Registers 



After the designated calculations are completed, and 
the AAU again gainsaccess to memory, the results are 
transferred out of the AAU, through the controller 
selector, and stored in memory as programmed. 

Subroutines 

Subroutines are required initially to create floating- 
point words from BCD data or create BCD words from 
floating-point format. This conversion from one form 
to another is possible using GE-225 utility routines. 



AAU INSTRUCTIONS 



Mode Control Instructions 

These instructions establish the mode in which subse- 
quent AAU arithmetic instructions will be executed. 
Once a set mode instruction is executed, the AAU will 
execute all AAU arithmetic instructions in that mode 
until the mode is changedby another set mode instruc- 
tion. The execution times given are in addition to 
access time of 43 microseconds (usee). 



SET UFLPOINT 



3200010 



Timing: 49.5 usee 



Functional Description: SET UNNORMALIZED 

FLOATING-POINT MODE. The AAU is setto execute 
AAU arithmetic instructions in unnormalized floating- 
point mode. 



Once the AAU is granted access to memory, two data 
words are brought from memory through the central 
processor M register and checked for parity. As shown 
in Figure 12-5, each data word first enters a 20-bit 
buffer and then the 40 -bit conversion register where 
the 40-bit double word format of the AAU is formed. 
The format of data in this register is pre-date rmined 
by a previous set mode instruction. 

The function of the conversion register is similar to 
that of the B register in the central processor; it acts 
as a data link for words being transferred to the 40-bit 
AX register. 

The 40 bits from the conversion register enter the 40- 
bit adder which performs essentially the same arith- 
metic operations as the arithmetic unit of the central 
processor. Another input to the adder is from either 
the 40-bit AX or the QX register. Within the adder, 
arithmetic operations are performed which, in the case 
of floating-point mode calculations, might include 
carries from the mantissa portion of a data word into 
the exponent portion. In calculations, the AX and QX 
registers play the same functional role as the A and Q 
registers in the central processor. Thus, in the 
floating-point mode, for example, mantissabits shifted 
out of AX are shifted into QX. 



SET NFLPOINT 



3100010 



Timing: 49.5 usee 



Functional Description: SET NORMALIZED FLOAT- 
ING-POINT MODE. The AAU is set to execute AAU 
arithmetic instructions in normalized floating-point 
mode. 



SET FDiPOINT 



3500010 



Timing: 49.5 usee 



Functional Description: SET FIXED-POINT MODE. 
The AAU is set to execute AAU arithmetic instructions 
in double-word fixed-point mode. 



Data Transfers Within the AAU 

These instructions are similar to certain eentralpro- 
cessor data transfer instructions in that they involve 
transfers of data between arithmetic registers and are 
specified by similar mnemonics. However, the AAU 
data transfer instructions are identified by placing the 
letter A in the X column (card column 20) of the GAP 
coding sheet. 
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AAU error conditions are reset when any AAU data 
transfer instruction is executed. Execution times are 
given below in microseconds; to these times add 36 
usee for access time. The AAU mode of operation does 
not affect the execution of these instructions. 



LAO 



3600002 



Timing: 49.5 usee 



Functional Description: LOAD AX FROM QX. The 
contents of the QX register replace the contents of the 
AX register. The contents of the QX register are un- 
changed. 



AAU Arithmetic Instructions 

The modified address in all arithmetic operations must 
be even and greater than 15 for proper execution. In 
addition to the execution times listed, 99 usee must be 
added for access and resynchronization, except for the 
FDV with a negative dividend (135 usee). Each arith- 
metic instruction is described once for each of the 
three operating modes: normalized floating-point, un- 
normalized floating-point, and double-word fixed- 
point. 



MAQ 



3100002 



Timing: 49.5 usee 



Functional Description: MOVE AX TO QX. The con- 
tents of the AX register replace the contents of the QX 
register. The AX register is reset to zero. 



LQA 



3200002 



Timing: 49.5 usee 



Functional Description: LOAD QX FROM AX. The 
contents of the AX register replace the contents of the 
QX register. The contents of the AX register are un- 
changed. 



XAQ 



A 



3500002 



117 usee 



Functional Description: EXCHANGE AX AND QX. The 
contents of the AX and QX registers are interchanged. 



FAD 



31YYYYY 



Timing: 



Min. 162 usee 
Max. 709 usee 



Functional Description: NORMALIZED FLOATING- 
POINT MODE - ADD. The floating-point number in 
memory location Y and Y+1 is added algebraically to 
the floating-point number in the AX register. The re- 
sult is placed in the AX register in normalized form. 
The contents of Y and Y+1 are unchanged. 

UNNORMALIZED FLOATING-POINT MODE - ADD. 
Execution is the same as above, except that the result 
is placed in the AX and QX registers and may or may 
not be in normalized form. 

DOUBLE-WOKU ilXED-POINT MODE - ADD. The 
fontpntp nf Y an(i Y^-l ^vf algebraically adder! to the 
coiiteiits oi tile AX register. The result is placeci in tlie 
AX register as a 38-bit fixed-point number. The con- 
tents of Y and Y+1 are not changed. 



Data Transfers Between AAU and Memory 

For proper execution, instructions causing data trans- 
fers between the AAU and memory must specify even 
effective memory addresses (Y) greater than 0015. 
Execution times are given below in microseconds; to 
these times add 72 usee for access time. The AAU 
mode of operation does not affect the execution of these 
instructions. 



FLD 



3000000 



Timing: 72 usee 



Functional Description: LOAD AUXILIARY ARITH- 
METIC UNIT. The contents of memory locations Y and 
Y+1 replace the contents of the AX register. The con- 
tents of Y and Y+1 are not changed. 



FST 



3300000 



Timing: 72 usee 



Functional Description: STORE AUXILIARY ARITH- 
METIC UNIT. The contents of the AX register replace 
the contents of memory locations Y and Y+1. The con- 
tents of the AX register are not changed. 



FMP Y 35YYYYY Timing: Min. 297 usee 
Max. 1062 usee 

Functional Description: NORMALIZED FLOATING- 
POINT MODE - MULTIPLY. The floating-point num- 
ber in memory locations Y and Y+1 is algebraically 
multiplied by the floating-point number in the QX reg- 
ister. The 60-bit product of the two mantissas is 
normalized. The most significant half of the nor- 
malized product is placed with its exponent in the AX 
register; the least significant half is placed in the QX 
register (with the exponent less, by 30, than the 
floating-point exponent in the AX register). The pre- 
vious contents of the AX register are destroyed. 

UNNORMALIZED FLOATING-POINT MODE - MUL- 
TIPLY. Execution is the same as above except that 
the result may or may not be normalized. 

DOUBLE-WORD FIXED-POINT MODE - MULTIPLY. 
The fixed-point number in memory locations Y and 
Y+1 is algebraically multiplied by the fixed-point 
number in the QX register, giving a 76-bit product 
and 4 identical sign bits. The most significant half of 
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the product is placed with 2 sign bits in the AX reg- 
ister; the least significant half is placed with 2 sign 
bits in the QX register. The previous contents of the 
AX register are destroyed. 



FDV Y 36YYYYY 



Timing: Min. 837 usee 

Max. 1062 usee 

+168.25 if dividend is neg. 



Functional Description: NORMALIZED FLOATING- 
POINT-MODE -DIVIDE. The floating-point number in 
the AX andQX registers is automatically dividedby the 
floating-point number in memory locations YandY+1. 
The normalized quotient is stored in the AX register 
and the remainder (which may or may not be nor- 
malized) is stored in the QX register. A Divide Check 
Error condition will occur if the absolute value of the 
mantissa in the AX register is equal to or greater than 
twice the absolute value of the mantissa in the divisor. 
If the contents of Y and Y+1 are zero, the division is 
invalid and a Divide Check Error condition occurs. 



register. The result is placed in the AX and QX reg- 
isters in normalized form. The contents of Y and Y+1 
are unchanged. 

UNNORMALIZED FLOATING-POINT MODE - SUB- 
TRACT. Execution is the same as above, except that 
the result is "laced in the AX register in unnormalized 
form. 

DOUBLE-WORD FIXED-POINT MODE - SUBTRACT. 
The contents of Y and Y+1 are algebraically subtracted 
from the contents of the AX register. The result is 
placed in the AX register as a 38-bit fixed-point num- 
ber. The contents of Y and Y+1 are unchanged. 

AAU Test-and-Branch Instructions 

All AAU test-and-branch instructions conform to the 
following format: 



Operation 



BAR 



Operand 
XXX 



P 

7 



Timing: Min. 814.5 usee 

Max. 837.25 usee 

+168.25 if dividend is neg. 

UNNORMALIZED FLOATING-POINT MODE - DIVIDE. 
Execution is the same as above, except that the quo- 
tient is stored in the AX register and may or may not 
be in normalized form. 



Timing: Min. 1017 usee 

Max. 1095 usee 

+168.25 if dividend is neg. 

DOUBLE-WORD FIXED-POINT MODE -DIVIDE. The 
contents of the AX and QX registers is divided by the 
contents of memory locations Y and Y+1. The quotient 
is stored in the AX register and the remainder is 
stored in the QX register. The magnitude of the divisor 
in memory locations Y and Y+1 must be greater than 
the absolute value of the dividend in the AX register. 
If not, a Divide Check Error condition occurs. If the 
divisor is zero, the division is invalid and a Divide 
Cheek Error condition occurs. 



FSU Y 32YYYYY Timing: Min. 162 usee 

Max. 709 usee 



The mnemonic XXX identifies the specific test to be 
performed. If the condition tested is true, the com- 
puter executes the next sequential instruction. If the 
condition tested is false, the next instruction is skipped 
and the second sequential instruction is executed. 

Before any test (except tests for ready status) can be 
correctly made, any previous AAU instruction must 
have been completed. This can be assured by testing 
the AAU for ready status before testing for specific 
conditions. Either the Branch on AAU Not Ready (BAR 
BAN) or the Branch on AAU Ready (BAR BAR), des- 
cribed below, can be used for this preliminary test. 

All other AAU instructions are correctly executed 
without being precededby a ready test because the AAU 
will not accept arithmetic or data transfer instructions 
until a previous instruction is completed. 



BAR 



BAN 



2516720 



Word Times: 2 



Functional Description: BRANCH ON AAU NOT 
READY. The AAU is tested to determine if it is not 
ready to accept another instruction. 



Functional Description: NORMALIZED FLOATING- 
POINT MODE - SUBTRACT. The floating-point num- 
ber in memory locations Y and Y+1 is subtracted 
algebraically from the floating-point number in the AX 



BAR 



BAR 



2514720 



Word Times: 2 



Functional Description: BRANCH ON AAU READY. 
The AAU is tested to determine if it is ready to receive 
another instruction. 






XII- 8 



BAR 



BPL 



2516721 



Word Times: 2 



Functional Description: BRANCH ON AAU PLUS. The 
AX register is tested for a plus sign. 



BAR 



BNE 



2516727 



Word Times: 2 



Functional Description: BRANCH ON NO ERROR. The 
error indicator is tested for OFF. 



Example 1: Normalized floating-point operation with 



BAR 



BMI 



2514721 



Word Times: 2 



Functional Description: BRANCH ON AAU MINUS. The 



BAR 



BZE 



2514722 



Word Times: 2 



Functional Description: BRANCH ON AAU ZERO. The 
AX register is tested for all zero content. 



BAR 



BNZ 



2516722 



Word Times: 2 



Functional Description: BRANCH ON AAU NOT ZERO. 
The AX register is tested for non-zero content. 



BAR 



BOV 



2514723 



Word Times: 2 



junctional Description: BKANCn Gin OVERFLOW. 
The AAU is tested for overflow indicator ON. 



BAR 



BNO 



2516723 



Word Times: 2 



Functional Description: BRANCH ON NO OVERFLOW. 
The AAU is tested for overflow indicator OFF. 



BAR 



BUF 



2514724 



Word Times: 2 



Functional Description: BRANCH ON UNDERFLOW. 
The AAU is tested for underflow indicator ON. 



BAR 



BNU 



2516724 



Word Times: 2 



Functional Description: BRANCH ON NO UNDER- 
FLOW. The AAU is tested for underflow indicator 






BAR 



BER 



2514727 



Word Times: 2 



Functional Description: BRANCH ON ERROR. The 
error indicator is tested for ON. 



GAP_Coding: 
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Example 2: Normalized floating-point with simul- 
taneous central processor and AAU operations. 

GAP Coding: 
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Example 3: Test AAU results for minus and show 
delay necessary. 

GAP Coding: 
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Comments: Note the use of the FST TEMP (line 8, In line 17, Example 2, anXAQ A instruction is used to 

Example 2), which is a 'dummy' store to provide a de- zero the QX register before executing an FDV. If the 

lay until the AAU completes the preceding floating- QX register is not zeroed before division, results may 

point instruction before testing for a plus condition. be inaccurate. 
The FST at this point serves no other function than to 
delay before testing. 
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SECTION yiii 



PROGRAMMINe CONVENTIONS 



The efficiency of any computer installation depends 
to a great extent upon proper organization of pro- 
gramming procedures and techniques. This section 
contains suggestions and lists items that should be 
considered in establishing installation procedures. 



MEMORY LAYOUTS 



Many installations have (as standard prooedure) allo- 
cation of memory areas which all programmers must 
ub&eivt!. A few advantages of such a system are: 

1. Standardization of input and output, sub- 
routine, constant, and main program areas. 

2. Programmer familiarization with the oper- 
ating program is increased. 

3. Changes and modifications are more easily 
and correctly made. 

4. Debugging is accomplished more readily. 

Because operating conditions and requirements vary 
from installation to installation, the memory layout 
used may be unique and suitable only for that parti- 
cular installation. A typical layout is shown in Figure 
13-1. 



INPUT/OUTPUT DOCUMENTATION 



Proper documentation and layout of input and output 
data is the responsibility of the programmer; in 
addition, good documentation is a valuable tool for the 
programmer, because it enables the programmer to 
modify or change data with a minimum of effort, 
debugging is made easier and program operation is 
possible in less time. Typical forms available are 
shown in Figures 13-2 through 13-7. 



Decimal 
Location 


Description 


0000 

to 
0003 


Index Registers 


0004 

to 

0127 


Optional 
Index Registers 


0128 

to 
0169 


Reserved for 
Automatic 
Program Interrupt 


0170 

to 
0255 


Miscellaneous 

rnnstants or 
Worldne Storage 


0256 

to 
0283 


Card Read-In 
Area 


0284 

to 
0383 


Miscellaneous 
Constants or 
Working Storage 


0384 

to 
0401 


Card Read-In 
Area 


0402 

to 

0511 


Miscellaneous 
Constants or 
Working Storage 


0512 

to 
0539 


Card 
Punoli 
Area 


0540 

to 
0639 


Reserved for 
Automatic 
Program Interrupt 


0640 

to 
0719 


Printout and 
Format Areas 


0720 

to 
0839 


Magnetic Tape 
Input and 
Output Areas 


0840 

to 
1999 


Subroutines 


2000 

to 
8191 


Main 
Program 



Figure 13-1. Typical Memory Allocation 
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Figure 13-2. Magnetic Tape Record Layout 
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Figure 13-3. Magnelic Tape Record Layout Sheet 
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Figure 13-4. Memory Layout Sheet 
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Figure 13-5. BCD Multiple Card Layout Sheet 
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Figure 13-6. Memory Allocation Layout Sheet 
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Figure 13-7. 80-Coluinn Card Layout Form 



USE OF SYMBOLS 



The use of symbolic memory addresses rather than 
absolute addresses is of utmost importance to the 
programmer because it relieves him of having to keep 
i.raciv Oi Liie lOcation of each constant or instruction 
in memory. By shifting the burden of memory location 
to the assembly program, the programmer can code 
with less errors and thus produce an operating pro- 
gram more quickly. In addition, the symbol used can 
convey information as to the action taking place within 
the program. Figure 13-8 illustrates typical symbols. 
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Figure 13-8. Typical Symbolic Addresses 



SUBROUTINE USAGE 



for general applicability and must be self-specializing 
to the particular problem at hand. 

The calling sequence which supplies the information 
(parameters and linkage) needed by the subroutine can 
vary in size and form. An example of a simple sub- 
routine is illustrated in "c^i^^t^t./^ i ^^o 



Symbol 


Opr 


Operand 


X 


1 1 E 1 S 1 4 j » 


e 


8 9 1 1 


t2|l3JI4Jlsll6J(7|tsil9 


20 








D,L,D 


N,U,M, , , , , 












D, A,D 


N,U,M, 2, , , , 












S , P , B 


M,P Y, T, E, N, 


1 










D,S , T 


R,E.S U L, T. , 














r X 
















'} 


















) ,i 






M 


P 


Y 


T 


E 


N 


S,L,D 


1 , . 
















S.T, A 


T, E, M,P , , , 1 
















S,L,D 


2, , , , , , 
















D, A,D 


T, E. M, P , , 1 , 
















B,R,U 


1 1 


1 


T 


E 


M 


P 




D,D,C 























Fi 


gure 13-9. Representative Subroutine 





The use of subroutines can result in saving of both 
programming and machine running time. Subroutines 
can control all input and output operations and many 
internal operations of aprogramanduse less memory. 
Normally, a subroutine is a series of instructions 
which perform a repetitive function for the main pro- 
gram. 

The use of subroutines enables the programmer to 
employ the 'building block principle' in the con- 
struction of the program. All frequently-used data 
processing functions at an installation can be prepared 
in subroutine form. It is then only necessary for the 
programmer to use these routines to construct a 
major portion of the main program with less effort 
and time than would otherwise be necessary. 

The ability to jump to a subroutine and return to the 
main program requires the retention of information 
for the return. This concept of informing the sub- 
routine how to get back is termed 'linkage'. In the 
GE-225, the SPB command provides the 'link' for 
returning control to the main program after the sub- 
routine function is performed. 

In addition to linkage, it is also necessary to specify 
the parameters which define the problem to the sub- 
routine. Subroutines are usually written in a form 



This type of subroutine requires no parameters or 
elaborate calling sequence. The data needed is con- 
tained in the A and Q registers before entry and the 
results from the routine are in the A and Q registers 
upon exit. 

A subroutine requiring a set of parameters in the 
calling sequence is shown in Figure 13-10. 
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Figure 13-10. Subroutine Requiring a Calling 
Sequence 
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Figure 13-11. Subroutine Calling Sequence 



Since the parameters necessary for a subroutine can 
vary over a wide range, the exits from a routine can 
vary, depending upon the condition encountered within 
the routine. In the example above, an error in the 
routine results in the return to line 5 on the coding 
shppt, Tn procrrqrnrninf, this car. be accorn'^lished 
witiiiii the routiut; by an instruction consisting ot 

BRU 4 1 

A subroutine calling sequence and the use of the 
parameters within the sequence is illustrated in Figure 
13-11. 

The exits from the routine are handled in this manner. 



TYPEWRITER UTILIZATION 



The GE-225 console typewriter can be used by the 
programmer to type messages concerning conditions 
within R rirooram and also to instruct the computer 
operator as to program needs. Using the typewriter 
for operation control can help reduce human errors. 

Typical messages on program conditions are: 



ERRORS 
O ERRORS 
END OF PASS 



TAPE 3 
TAPE 1+ 



GAP Coding: 
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EOF P IT 2002 - OOlf PREMATURE START 

002 - 00l| PREMATURE START 
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Typewriter messages concerning the operator will be 
similar to these: 



1. JOB DONE. TAPE 7 IS NB-/ MONITOR TAPE. SAVE 6 AND 7 
TAPE 7 XONT READ 



In summary, the use of subroutines makes possible 
considerable saving of memory space and program- 
ming time at the very slight expense of the space and 
complexity of linkages and calling sequences. 



REMOV TAPE 2 
MOUMT TAPE 5 
TOGGLE SWITCH 1(3 
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ey 



XIII- 9 



Since the typewriter is a relatively slow ou^ut device, 
messages and operator instructions stiould be as brief 
as possible. 



witiiin the program. Because this provides the pro- 
grammer with an indication of what portioiis are 
completed, debugging time and check-out time can be 
reduced. 



DEBUeeiNG TECHNIQUES 



Debugging can be extremely expensive and wasteful of 
time unless done properly. A few simple and basic 
rules can do much to reduce the expense involved in 
getting an operational program. Because debugging 
methods vary with the individual and the situation, 
the following is offered merely as a guide. 



During debugging, if the programmer uses valid input 
data and predetermined answers at various program 
check-points, he can use flow charts as an aid in 
error location or bracketing, thereby reducing de- 
bugging time and machine time requirements. 



Memory Dumps 



Desk Checking 

When the symbolic program is returned from key 
punching, a listing is usually sent with the card deck. 
Check this listing for discrepancies due to misinter- 
pretation by the key punch operator and any possible 
key punch machine errors. In scanning the symbolic 
program listing, watch for mistakes in the operation 
codes and for punches in card columns 7 and 11. 
During GAP assembly any card containing punches in 
columns 7 and 11 will be rejected. Correct any errors 
found before proceeding to the GAP assembly. 



Correcting Errors Detected By Gap 



During debugging, memory dumps are essential. Sev- 
eral types of dumps are available but the most fre- 
quently used are octal dumps. 



The quickest dump of memory is obtained by pressing 
the memory dump button on the Printer Controller. 
This automatically produces an octal dump (Figure 
13-12), starting at memory location 0000 and continues 
until the manual clear button on the printer controller 
is depressed. The printer does not stop automatically 
when the entire memory has been dumped, but con- 
tinues looping through memory until the clear button 
is pressed. 



After the symbolic program has been assembled by 
GAP and returned, correct the errors detected and 
listed by the General Assembly Program. If there 
were numerous errors listed, make the corrections 
to the symbolic program deck and reassemble. If 
relatively few errors were detected, make these cor- 
rections in the symbolic program deck without re- 
assembling but by punching octal correction cards to 
placf' with the GAP binary program deck. 



The octal dump that is most frequently used provides 
the octal memory location for each eight (8) word line 
of print (column 1 of Figure 13-13). If the words for 
a line of print are identical to those of ttie last line 
printed, the line is skipped. This saves the number 
of lines printed and machine time required for dump- 
ing. This routine is a program feature and thus must 
be either in memory or read in from cards or tape. 



Flow Chart Utilization 

A flow chart is a valuable debugging aid in that it pro- 
vides for easier detection of logic errors and can be 
used by the programmer to check off debugged paths 



Memory can also be dumped on magnetic tape. Nor- 
mally, this type of dump is intended for later use by 
rerun or i-ecovery routines and, in the case of long 
running programs, should be done periodically. Rou- 
tines are then available to list these tapes via the 
high-speed printer. 



2514003 0001 3^+0 0000002 2600002 2500201 2500004 2516006 2600006 

0000200 2700023 2700015 2510015 2514002 2601277 2504522 2700031 

2504002 0300001 0020201 0321277 0100200 2514003 2504032 0300200 

1420001 0437732 2600022 0220201 2514002 2600002 2514006 26OOO36 

2600002 0000000 0000000 0000000 0000000 0000000 0000000 0000000 

0000000 2001777 0000000 0000000 0000000 0000000 0000000 0000000 



Figure 13-12. Printer Controller Octal Memory Dump 
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0260010 
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0000000 
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0000000 R/* o-Ho-oi*Hoo8eo noooo 
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Figure 13-13. Memory Dump Printout 
Showing Octal and BCD Representation 



Memory clumps when properly utilized are very in- 
formative and very efficient since only a small amount 
of computing time is used when dumping through the 
high-speed printer. The advantages of a memory 
dump are: 

a. It gives the results of any program modifi- 
cation that may have been done. 



Tjrpical options are: 



Snapshot Option 



This type lists index registers 0, 1, 2, and 
3, and registers P, I, A, andQ before a BRU, 
SPB, or SEL instruction is executed. 



b. Programmer can check memory to see that 
information is eorrpct and in thp nroppr 
locations. 

c. It gives temporary or final results in key 
memory locations up to the time memory 
was dumped. 



2. Single Address Option 

This type lists the same registers as the 
biNAPbHOi opiion. onii wnen a soeciiic 
address is referenced. 

3. Normal Option 



d. It shows input or test data being used as a 
program is run. 

Memory dumps via the typewriter or card punch con- 
sume computer time and should be used only when a 
high-speed printer is not available. 



The same registers listed in the other tjrpes 
are printed before each instruction is exe- 
cuted. 

Tracing output is normally through the high-speed 
printer. 



Memory dumps should be used frequently during 
debugging. However, if they prove insufficient, then 
tracing may provide the solution. 



Loaders 



TRACING 



The TRACE routine can be usedwhen other techniques 
have failed. However, at first, trace only the portions 
of the program that are known or suspected to contain 
bugs. If it then becomes necessary, trace as much of 
the program as required. Tracing can be an extremely 
powerful debugging tool but often its use is abused. 
Tracing is time-consuming and thus is expensive when 
used to excess. 

Options are available with most trace routines that 
may supply the desired information without tracing 
each program instruction. 



When the program deck from GAP is in binary form, 
a binary loader deck is used to read the GAP program 
deck into the proper memory locations. 



During debugging, it is best to use a binary loader 
with octal correction cards. This type of loader will 
read into memory the binary deck and then read the 
octal corrections into the specified memory words. 
Thus, errors can be corrected without repeated re- 
assembly of the symbolic deck and, when the program 
is completely debugged, a corrected symbolic deck 
can be produced in a single new GAP assembly. Nor- 
mally a loader, such as the Lower Memory Binary 
Loader for Binary Deck with Octal Correction Cards, 
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For use with a binary loader containing 
an octal correction subroutine to change 
a specific memory location. 

Figure 13-14. Octal Correction Card 



CD225B1.3, is used. To illustrate loader and cor- 
rection card usage, the deck set-up using octal 
corrections for Routine CD225B1.3 is shown: 





Transfer Card 


rectal . 

Corrections 






f Loader 
Transfer Card 






/ Binar 
Deck 


y 




^ Loader 
Cards 











The octal corrections are punched as follows: One 
card is punched for each change to be made. Columns 
5 through 9 contain the octal address and columns 12 
through 18 contain the octal contents required. Figure 
13-14 shows a sample octal correction card. 

When the program is considered debugged, the cor- 
rections should be made to the source deck and the 
program reassembled. A final checkout should now 
be made with the new object deck. 



PROGRAM DOCUMENTATION 



or correction to operating programs be made quickly 
and correctly. Without adequate documentation, 
changes and corrections may become difficult to ac- 
complish. Since each computer installation has dif- 
ferent characteristics, program documentation can 
vary from site to site. However, a basic pattern can 
be used by each system. 

Run Book 

A RUN BOOK should exist for every program nan 
within a system and should contain documentation so 
complete that modifications can be made with minimum 
effort. Also, if trouble develops, the source can be 
readily found. A typical run book would contain the 
following: 

A. Run Number and Title. 

B. Name of Programmer, Date Completed, and Date 
of Last Modification. 

C. A Concise Description of what the run is to 
accomplish. 

D. A Write-up containing all internal and external 
controls pertinent to the program, including: 

1. A completed Operator Instruction or Run 
Form that contains. 



Accurate, up-to-date program documentation can 
produce considerable savings in programming and 
operator effort, as well as computer time. Efficient 
operation of a computer system requires that changes 



a. Average run time and procedure to follow 
if established time limit is exceeded. 

b. Console switch settings and brief de- 
scription of each. 
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c. Error and special procedure loops with 
brief explanation of each. 

d. Tape controller and input and output tape 
handler numbers. 

e. Identification and disposition of* tapes. 

f. Rerun and restart procedure, 

g. All peripheral device set-ups and plug 



2. Completed description and Layout Forms for 
all input and output. 

3. Memory Allocation Layout 

a. Mark input and output areas 

b. Program and subroutine areas 

c. Working storage areas identifying each 
location used 

d. If overlays are used, identify areas in 
which it occurs. 



E. Run Diagram and Flow Chart 

An up-to-date run diagram and an accurate flow 
chart should be in the Run Book. GAP coding 
reference points should be marked or identified 
on the flow chart. This provides references 
between the operating program and the flowchart 
providing for easier program corrections. 



Sa.mple Printer Output 

If the high-speed printer is used during the run, 
a sample of the output can be extremely useful. 
The samples should be marked with the run num- 
ber. 



G. GAP Listing 

The GAP program listing can be included in the 
run book. If the GAP listing is in a separate 
binder, indicate the binder number for quick 
location of the program. Any corrections or 
modifications to the listing should be entered in 
red and initialled and dated if the program is not 
to be reassembled at this time. 
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APPENDIX I. 
REPRESENTATION OF eE-225 CHARACTERS 



CHARACTER 


HIGH 

SPEED 

PBlNTEfi 

SYMBOLS 


CONSOLE 
TYPEWRITER 

CHARACTER 
OR ACTION 


PAPER TAPE 
CHARACTER 
(8 CHANNEL) 


HOLLERITH 
CODE 

(PUNCH 
IN ROWS) 


BCD 
MEMORY 
(OCTAL)** 


BCD 

MAGNETIC 
TAPE 
(OCTAL) 











Space 





00 


12 


1 


1 


1 


1 


1 


01 


01 


2 


2 


2 


2 


2 


02 


02 


3 


3 


3 


3 


3 


03 


03 


4 


4 


4 


4 


4 


04 


04 


5 


5 


5 


5 


6 


05 


05 


6 


6 


6 


6 


6 


06 


06 


7 


7 


7 


7 


7 


07 


07 


8 


8 


6 


8 


8 


10 


10 


9 


9 


9 


9 


9 


11 


11 


A 


A 


A 


/ 


12-1 


21 


61 


B 


B 


B 


S 


12-2 


22 


62 


C 


C 


C 


T 


12-3 


23 


63 


D 


D 


D 


U 


12-4 


24 


64 


E 


E 


E 


V 


12-5 


25 


65 


F 


F 


F 


w 


12-6 


26 


66 


G 


G 


G 


X 


12-7 


27 


67 


H 


H 


H 


Y 


12-8 


30 


70 


I 


I 


I 


z 


'2-9 


31 


71 


J 


J 


J 


J 


11-1 


41 


41 


K 


K 


K 


K 


11-2 


42 


42 


L 


L 


L 


L 


11-3 


43 


43 


M 


M 


M 


M 


11-4 


44 


44 


N 


N 


N 


N 


11-5 


46 


45 


O 








O 


11-6 


46 


46 


P 


P 


P 


P 


11-7 


47 


47 


Q 


Q 


Q 


Q 


11-8 


50 


50 


R 


R 


R 


R 


11-9 


51 


51 


S 


S 


S 


B 


0-2 


62 


.22 


T 


T 


T 


C 


0-3 


63 


23 


U 


U 


U 


D 


0-4 


64 


24 


V 


V 


V 


E 


0-5 


66 


25 


w 


w 


w 


F 


0-6 


66 


26 


X 


X 


y 


r. 


n-7 


R7 


S7 


Y 1 Y 


,,'- 


H 


/,„ 1 ^n \ 3n 1 


Z 


z 


z 


I 


0-9 


71 


31 


+ 


+ 







12 


20 


60 


- 


- 


- 


- 


11 


40 


40 


Space 


Blask 


Blank 


& 


Blank 


60 


20 


/ 


/ 




A 


0-1 


61 


21 










2-8 


12 


12 


* 


* 


/ 


Stop 


3-8 


13 


13 


@ 


e 






4-8 


14 


14 


CUnderline) 








5-8 


16 


15 


= 


= 






6-8 


16 


16 










7-8 


17 












12-2-8 


32* 


72 


+ 








12-0 


32* 




. 


, 






12-3-8 


33 


73 


* 








12-4-8 


34 


74 










12-6-8 


35 


75 








Tab 


12-6-8 


36 


76 






Carriage 
Return 




12-7-8 


37 


77 


-0 








11-0 


52* 


52 










11-2-8 


52* 


52 


* 


* 


i 


$ 


11-3-8 


53 


53 


♦ 


. 






11-4-8 


54 


54 










11-5-8 


55 


56 










11-6-8 


56 


56 










11-7-8 


57 


57 






Print Red 




0-2-8 


72 


32 




, 






0-3-8 


73 


33 


% 


% 






0-4-8 


74 


34 


i 


c 


Print Black 




0-5-B 


78 


35 


) 


3 


Tab 




0-6-8 


76 


36 








Delete 


0-7-8 


77 


37 



*The 400 card per minute card reader reads ll-O and 11-2-S as 52 and 12-0 and 12-2-8 as 32. The 1000 cards per 
minute card reader treats 11-2-8 and 12-2-8 as Invalid characters. The card punch punches only il-O for 52 and 
12-0 for 32, 

**The OCTAL notation is a shorthand for binary representation. Conversion between the two representations can 
be done mentally. In the OCTAL syBtem. there are ei^t admissible symbols: 0, 1, 2, 3. 4, 5, 6, 7. Each may 
represent (when used) a ^mtimnm of tbree binary bits. 
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APPENDIX II. OCTAL LIST OF eE-225 INSTRUCTIONS 



I 







Word 








Word 






Octal 


Mnemonic 


Times 


Pag 


e 


Octal 


Mnemonic Times 


Pag 


e 


0000000 


LDA Y X 

Load A Register 


2 


V- 


14 


05MMMMM 

TTNNNNN 


RTB M T 2 

(blank) N 

Read Tape Binary 


vm- 


11 


0100000 


ADD Y X 


2 


V- 


2 












* Decimal Add 


2 


V- 


7 


0600000 


LDX Y X 3 
LoadX 


V - 


36 


0200000 


SUB Y 


3 


V- 


7 












♦Decimal Subtract 








0600000 
NNOOOOO 


SLW N 2 


IX- 


6 


0200000 


SUB Y X 
Subtract 


3 


V- 


2 


0700000 


Slew Paper N Lines 
SPB Y X 2 


V - 


31 


0200000 


WEF T 


2 


VIII- 


11 




Store P and Branch 






TTNNNNN 




















Write End of File 








0X00000 
XXOOOOO 


SLT K 2 


IX - 


6 


02MMMMM 


WTD M T 


2 


VIII- 


10 




Slew Paper to Tape Punch 






TTNNNNN 


(blank) N 


















Write Tape Decimal 








1000000 


DLD Y X 3 
Double Length Load 


V - 


15 


0300000 


STA Y X 


2 


V- 


15 












Store A 








1 02 0000 (N =2) 


RSD M N 2 
Read Document Single 


X - 


3 


03MMMMM 


WTB M T 


2 


Vlll- 


lu 










TTNNNNN 


(blank) N 








1040000(N=2) 


RDC M N 2 


X - 


4 




Write Tape Binary 










Read Document Continuously 




0400000 


BXL K X 


3 


V- 


35 


1060000(N=2) 


PKT X N 2 


X - 


4 




Branch If X Is Less Than 








Pocket Select 






042 0000 (N=l) 


RSD M N 


2 


X- 


3 


1100000 


DAD Y X 3 


V - 


2 




Read Document Singl 


e 








* Double Decimal Add 3 


V - 


8 


0440000 {N=l) 


RDC M N 


2 


X- 


4 


1100000 


DAD Y X 3 


V - 


2 




Read Document Continuously 






Double Length Add 






0460000(N=1) 


PKT X N 
Pocket Select 


2 


X- 


4 


11 00000 (N=2) 


HLT M N 2 
Halt Continuous Feeding 


X - 


5 


04MMMMM 


RTD M T 


2 


VIII- 


11 


112 0000 (N=2) 


ERB N 2 


X - 


5 


TTNNNNN 


(blank) N 

Read Tape Decimal 








0000000 


End Read Busy 






0500000 


BXH K X 

Branch If X Is Hlghei 


3 

• Than 


V- 


34 


1200000 


DSU Y X 5 
♦ Double Decimal Subtract 


V- 


3 




or Equal To 










V - 


8 












1200000 


DSU Y X 5 


V - 


3 


0500000 (N=l) 


HLT M N 


2 


X- 


5 




Double Length Subtract 








Halt Continuous Feeding 
























1200000 


RRF N F 2 


XI - 


6 


0520000(N=1) 


ERB N 


2 


X- 


5 


OOMMMMM 


(blank) M 






0000000 


End Read Busy 










Read from MR ADS Unit F 







♦Optional Instruction 
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Word 










Word 






Octal 


Mnemonic 




Times 


Pa 


iie 


Octal 


Mnemonic 


Times 


Pa^ 


e 


1201000 


RRD N 


F 


2 


XI - 


7 


23MMMMM 


WTS M T 


2 


VIII - 


11 


OOMMMMM 


(blank) M 










TTNNNNN 


(blank) N 










Read from 


MRADS Unit F 








Write Tape Special Binary 


Mode 




1202000 


RAW N 


F 


2 


XI - 


7 


2400000 


*MOV Y 


4 + 2N 


V- 


18 


0000000 


(blank) zero 










Move 










Read After 


Write 


Check 






2500000 


PRF F 


2 


XI- 


4 


1300000 


DST Y 


X 


3 


V - 


16 


MMMMMMM 


OCT (MRADS Address) 








Double Len 


j,th Store 








Position MRADS File 






1400000 


INX K 


X 


3 


V - 


34 


2500004 


HCR 


2 


VI- 


26 




Increment X 










Halt Card Reader 








14MMMMM 


RBD M 


T 


2 


VIII - 


12 


2500005 


OFF 


2 


VI- 


8 


TTNNNNN 


(blank) N 












Power Off (Direct I/O Devices) 






Read Backward Decimal 




























2500006 


RPT 


2 


VI- 


16 


1500000 


MPY Y 

Multiply 


X 


9 to 23 


V - 


5 


2500006 
2500006 


Read Paper Tape 

TYP 

Type 

WPT 


2 

2 


VI- 
VI- 


8 
18 


15MMMMM 


RBB M 


T 


2 


VIII - 


12 




Write Paper Tape 








TTNNNNN 


(blank) 






















Read Backward B 


inary 






2500007 


TON 


2 


VI- 


8 
















Typewriter On 


' 






1600000 


DVD Y 


X 


26 to 29 V - 


5 














Divide 










2500011 


RCS 


2 


VI- 


6 
















Read Control Switches 






1600000 


BKW T 




2 


VIII - 


12 












TTOOOOO 












2500015 


PON 


2 


VI- 


18 




Backspace 


ind Position Write Head 




Punch On 








1700000 


STX Y 


X 


3 


V - 


36 


2500016 


HPT 


2 


VI- 


17 




Store X 












Halt Paper Tape Reader 






2000000 


EXT Y 


X 


3 


V - 


17 


2500014 


RON 


2 


VI- 


- 16 




Extract 












Paper Tape Reader On 






2000000 


WPL Y 


N 


2 


IX - 


5 


2500P20 


SEL P X 


2 


vn- 


- 2 


OIYYYYY 


Write Print 


Lipe 








2504001 


Select 
LAQ 


3 


V 


- 19 


2000000 


RWD T 




2 


VIII - 


12 




Load A from Q 









TTOOOOO 



2100000 



2200000 



2300000 



Rewind 



►CAB 



2 to 4 V - 33 



Compare and Branch 

*DCB Y 2 to 6 V - 33 

Double Compare and Branch 



ORY Y X 

Or A into Y 



V - 17 



* This instruction is an optional feature. 



2504002 
2504004 
2504005 

2504006 



LDZ 3 

Load Zero into A Register 

LQA 3 

Load Q from A 

XAQ 3 

Exchange A and Q 

MAQ 3 

Move A to Q 



V-22 



V-19 



V-20 



V-19 
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Word 










Word 








Octal 


Mnemonic 


Times 


Pa 


ge 


Octal 


Mnemonic 


Times 


Page 




2504012 


NOP 

No Operation 


3 


V - 


24 


250YY02 


WCD Y 

Write Card Decimal 


2 


VI - 


37 


1 


2504022 


LDO 


3 


V - 


22 


250YY03 


WCB Y 


2 


VI - 


37 






Load One into A Register 








Write Card Binary 










2504032 


ADO 
Add One 


3 


V - 


4 


250YY10 


RCF Y 
Read Cards Full 


2 


VI - 


28 


1 


2504032 


ADO Add One 


3 


V - 


4 


250YY12 


RCM Y 


2 


VI - 


29 




*Add One Decimal 


3 


V - 


9 




Read Cards Mixed 










2504040 


CHS 


2 


V - 


23 


250YY17 


WCF Y 


2 


VI - 


37 






Change Sign of A Register 








Write Cards Full 










2504102 


LMO 


3 


V - 


23 


2510000 


SRA K 2 to 12 


V- 


24 






Load Minus One into A Regis 


ter 






Shift Right A Register 






1 


2504112 


SBO Subtract One 


3 


V - 


4 


2510040 


SCA K 2 to 12 


".-T 


27 




^Subtract One Decimal 


3 


V - 


9 




Shift Circular A Register 








2504202 


*LAC 


3 


V - 


20 


2510100 


SNA K 2 to 12 


V- 


28 






Load A Register from 


C Reg] 


ster 






Shift N and A Right 










2504210 


*LCA 


3 


V - 


20 


2510400 


SAN K 2 to 12 


V- 


28 






Load C Register from 


A Reg 


ster 






Shift A and N Right 














o 


T7- 


23 






tc 12 


y 


26 



2504522 



2506003 



2506011 



2506012 



2506015 



2506016 



250YY00 



asOYYUl 



Complement A 

NEC 3 V - 23 

Negate A 

*SXG Y 2 V - 36 

Select X Register Group 

SET DECMODE 2 V - 9 

Set Decimal Mode 

SET BINMODE 2 V - 10 

Set Binary Mode 

SET PST 2 VII - 3 

Set Automatic Priority Interrupt On 

SET PBK 2 VII- 3 

Set Automatic Priority Interrupt Off 

RCD Y 2 VI- 26 

Read Cards Decimal 

RGB 2 VI - 27 

Read Cards Binary 



♦ This instruction is an optional feature. 



Shift Right Double 

2511100 NAQ K 2 to 12 V- 29 

Shift N, A, and Q Right 

2511200 SCD K 2 to 12 V-27 

Shift Circular Double 

2511400 ANQ K 2 to 12 V-28 

Shift A into N and Q 

2512000 SLA K 2 to 12 V-25 

Shift Left A Register 

2512200 SLD K 2 to 12 V-26 

Shift Left Double 

2513000 NOR K 3 to 12 V-29 

Normalize the A Register 

2513200 DNO K 2 to 12 V- 30 

Double Length Normalize 

Branch on Odd 

2514001 BMI 2 V- 32 

Branch on Minus 



ibn 
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Octal 



Mnemonic 



Word 

Times Page 



Octal 



Mnemonic 



Word 
Times 



Page 



2514002 BZE 2 V - 32 
Branch on Zero 

2514003 BOV 2 V - 32 
Branch on Overflow 

2514004 BPE 2 V - 32 
Branch on Parity Error 

2514005 BNR 2 VI - 9 
Branch on N Register Ready 

2514006 BCR 2 VI - 33 
Branch on Card Reader Ready 

2514007 BPR 2 VI - 37 
Branch on Card Punch Ready 

2514720 BAR BAR 7 2 XII - 8 
Branch on AAU Ready 

2514721 BAR BMI 7 2 XII - 9 
Branch on AAU Minus 

2514722 BAR BZE 7 2 XII - 9 
Branch on AAU Zero 

2514723 BAR BOV 7 2 XII - 9 
Branch on AAU Overflow 

2514724 BAR BUF 7 2 XII - 9 
Branch on AAU Underflow 

2514727 BAR BER 7 2 XII - 9 

Branch on AAU Error 

2514P20 BCS BPR P 2 IX - 7 

Branch on Printer Ready 

2514P20 BCS BRR P 2 XI - 10 

Branch on MRADS Controller Ready 

2514P20 BCS BTR P 2 VIII - 14 

Branch on Tape Controller Ready 

2514P20(K=1) BCS SKR P 2 X - 6 

Branch on Document Handler K 
Ready 

2514P21 BCS BAA P 2 IX - 14 

Branch on Any Alert 

2514P21 BCS BEF P 2 VIII - 14 

Branch on End of File 

2514P21(File 0) BCS FKR P 2 XI - 10 

Branch on File K Ready 



2514P21(K=2) BCS SKR P 2 X- 6 

Branch on Document Handler K 
Ready 

2514P22 BCS BET P 2 VHI- 14 

Branch on End of Tape 

2514P22 BCS BOP P 2 IX - 7 

Branch on Printer Out of Paper 

2514P22(File 1) BCS FKRP 2 XI - 10 

Branch on File K Ready 

2514P22(K=1) BCS NPK P 2 X- 6 

Branch on No Pocket Decision, 
Document Handler K 

2514P23 BCS BOV P 2 IX - 14 

Branch on Printer Buffer Overflow 

2514P23 BCS BRW P 2 VHI- 15 

Branch on Tape Rewinding 

2514P23{File 2) BCS FKR P 2 XI - 10 

Branch on File K Ready 

2514P23(K=2) BCS NPK P 2 X - 6 

Branch on No Pocket Decision, 
Document Handler K 

2514P24 BCS BPE P 2 

Branch on Mag Tape VHI- 14 

Parity Error 

2514P24 BCS BSA P 2 IX - 14 

Branch on Printer Slew Alert 

2514P24(File 3) BCS FKR P 2 XI - 10 

Branch on File K Ready 

2514P24(K=1) BCS FSK P 2 X - 6 

Branch on Feeding, Document 
Handler K 

2514P25 BCS BIO P 2 

Branch on Mag Tape l/O VIII- 14 
Buffer Error 

DSU XI- 10 

2514P25(K=2) BCS FSK P 2 X - 6 

Branch on Feeding, Document 
Handler K 

2514P26 BCS BME P 2 VIII- 14 

Branch on Mod 3 or 4 Error 

2514P26(K=1) BCS ICK P 2 X - 6 

Branch on Invalid Character, 
Document Handler K 

2514P26 BCS ICK P 2 Xl-10 

Branch on DSU Parity Error 
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Octal 



Mnemonic 



Word 

Times Page 



Octal 



2514P27 BCS BER P 2 

Branch on Error VIII- 15 



Branch on Invalid Character, 
Document Handler K 

2514P30(K=1) BCS SKE 2 X- 7 

Branch on Any Error, 
Document Handler K 

2514P31 BCS FAE P 2 XI - 11 

Branch on Error - On Any File 

2514P31(K=2) BCS SKE 2 X - 7 

Branch on Any Error, 
Document Handler K 

2514P32(K=1) *BCS DQK 2 X - 7 

Branch on Document TCD Correct, 
Document Handler K. 

2514P32(File 0) BCS FKE P 2 XI - 11 

Branch on File K, File Error 



23i4P33(K=2; ♦BCS DQK 2 X - 7 

Document Handier K. 



2514P33(File 1) BCS FKE P 2 XI - 11 

Branch on File K, File Error 

2514P34(File 2) BCS FKE P 2 XI - 11 

Branch on File K, File Error 

2514P35(File 3) BCS FKE P 2 XI - 11 

Branch on File K, File Error 

2514PCC BCS XXX P 2 VII - 2 

Branch on Controller Selector 

2516000 BEV 2 V - 32 
Branch on Even 

2516001 BPL 2 V - 32 
Branch on Plus 

2516002 BNZ 2 V - 32 
Branch on Non-Zero 



9R1RnflQ 



Branch on No Overflow 



y - oc 



2516004 BPC 2 V - 32 

Branch on Parity Correct 

* This instruction is an optional feature. 



Mnemonic 



Word 

Times Page 



2516005 BNN 2 VI - 9 
Branch on N Register Not Ready 

2516006 BCN 2 VI - 33 
Branch on Card Reader Not Ready 

2516007 BPN 2 VI - 37 
Branch on Card Punch Not Ready 

2516720 BAR BAN 7 2 XII - 8 
Branch on AAU Not Ready 

2516721 BAR BPL 7 2 XII - 9 
Branch on AAU Plus 

2516722 BAR BNZ 7 2 XII - 9 
Branch on AAU Not Zero 

2516723 BAR BNO 7 2 XII - 9 
Branch on AAU No Overflow 

2516724 BAR BNU 7 2 XII - 9 
Branch on AAU No Underflow 

2516727 BAR BNE 7 2 XII - 9 

BT'y.nch on AAU No Error 

2Di6P2u BCS BPN P ? IX - 7 

Branch on Printer Not Ready 

2516P20 BCS BRN P 2 XI - 10 

Branch on MRADS Controller 
Not Ready 

2516P20 BCS BTN P 2 VIII - 14 

Branch on Tape Controller Not 
Ready 

2516P20(K=1) BCS SKN P 2 X- 6 

Branch on Document Handler K 
Not Ready 

2516P21 BCS BNA P 2 ES - 14 

Branch on Printer No Alert 

2516P21 BCS BNF P 2 VIII - 14 

Branch on No End of File 

2516P21(File 0) BCS FKN P 2 XI - 10 

Branch on File K Not Ready 

2516P21(K=2) BCS SKN P 2 X- 6 

Branch on Document Handler 
K Not Ready 

2516P22 BCS BNP P 2 IX - 7 

Branch if Printer Not Out of Paper 



i ini H " // //' ^"i 



A - 7 



October 1963 



Octal 



Mnemonic 



Word 

Times Page 



Octal 



Mnemonic 



Word 
Times 



Paee 



2516P22 



BCS BNT P 2 VIII - 14 

Branch on No End of Tape 



2516P22(K=1) 



2516P23 



2516P23 



Branch on File K Not Ready 

BCS PDK P 2 

Branch on Pocket Decision, 
Document Handler K 

BCS BNO P 2 

Branch on No Printer Buffer 
Overflow 



BCS BNR P 2 Vni - 15 

Branch on No Tape Rewinding 



YT _ 10 



X - 6 



IX -14 



2516P23(File 2) BCS FKN P 2 XI - 10 

Branch on File K Not Ready 

2516P23(K=2) BCS PDK P 2 X - 6 

Branch on Pocket Decision, 
Document Handler K 



2516P24 



2516P24 



BCS ENS P 2 IX - 14 

Branch on No Printer Slew Alert 



BCS BPC P 2 

Branch on Mag Tape VHI 

Parity Correct 



2516P24(File 3) BCS FKN P 2 

Branch on File K Not Ready 



14 
XI -10 



2516P24(K=:1) BCS NFK P 2 X - 6 

Branch on Not Feeding, 
Document Handler K 

2516P25 BCS BIC P 2 

Branch on Mag Tape I/O VIII - 14 
Buffer Correct 

2516P25(K=2) BCS NFK P 2 X- 6 

Branch on Not Feeding, 
Document Handler K 



2516P26 
2516P26 



BCS BNM P 2 Vm - 15 

Branch on No Mod 3 or 4 Error 



BCS RPC P 
Branch on DSU 
Parity Correct 



XI- 10 



2516P26(K=1) BCS VCK 2 

Branch on Valid Character, 
Document Handler K 



2516P27 BCS BNE P 

Branch on No Error 



Vin - 15 









2516P27(K=2) 
2516P30(K-1) 

2516P31 
2516P31(K=2) 

2516P32(File 
2516P32(K=1) 

2516P33(File 
2516P33(K=2) 

2516P34{File 
2516P35(File 
2516PCC 



25MMMMM 

TTNNNNN 



2600000 



2700000 



3000000 



30YYYYY 
OIXXXXX 



BCS VCK 2 X - 7 

Branch on Valid Character, 
Document Handler K 

BCS SKC 2 X - 7 

K Correct 

BCS FAC P 2 XI -11 

Branch on No Error - Any File 

BCS SKC 2 X - 7 

Branch on Document Handler 
K Correct 

0) BCS FKC P 2 XI - 11 
Branch on File K, No Unit Error 

*BCS NQK 2 X - 7 

Branch on Document TCD Not 
Correct, Document Handler K 

1) BCS FKC P 2 XI -11 
Branch on File K, No Unit Error 

*BCS NQK 2 X - 7 

Branch on Document TCD Not 
Correct, Document Handler K 

2) BCS FKC P 2 XI - 11 
Branch on File K, No Unit Error 

3) BCS FKC P 2 XI - 11 
Branch on File K, No Unit Error 

BCS XXX P 2 VII - 2 

Branch on Controller Selector 

RTS M T 2 VIII - 11 

(blank) N 

Read Tape Special Binary Mode 

BRU Y X 1 V - 31 

Branch Unconditionally 

STO Y X 3 V - 16 

Store Operand Address 

FLD Y 72 usee XII - 7 

Load Auxiliary Arithmetic Unit 



N 



WFL Y X 

(WPL) 

Write Format Line 



IX 



* This instruction is an optional feature 



A - 



October 1963 



Mnemonic 



Octal 



Word 
Times Page 



Mnemonic 



Octal 



Word 

Times Page 



3100002 
3100010 
31YYYYY 

3200002 
3200010 
32YYYYY 

3300000 
3500002 



MAQ 



49. 5 usee XII 



SET NFLPOINT 49. 5 usee XII - 8 
Set Normalized Floating-Point Mode 



FAD Y 
AAU Add 



Min, 162 usee Xn - 7 



LQA A 49. 5 usee XU- 7 

Load QX From AX 

SET UFLPOINT 49. 5 usee XII- 6 
Set Unnormalized Floating-Point 
Mode 
FSU Y Min. 162 usee XII- 8 

Max. 709 usee 
AAU Subtract 

FST Y 72 usee XII - 7 

Store Auxiliary Arithmetic Unit 

XAQ A 117 usee XII- 7 

Exchange JCX. and WX 



3500010 



35MMMMM 
TTNNNNN 



3600002 



36YYYYY 



3700000 
OOMMMMM 



3701000 

OOMT>IMMM 



SET FIXPOINT 49. 5 usee XII- 6 
Set Fixed- Point Mode 

RBS M T 2 Vin- 12 

(blank) N 

Read Backward Special Binary 

C^TIJTI V ^Xiv% 907 licctr* VTI _ 7 

Max. 1062 usee 
AAU Multiply 

LAQ A 49. 5 usee XII- 7 

Load AX From QX 



FDV Y 

AAU Divide 



Min.814.5 usee XII- 8 
Max. 1095 usee 



WRF N F 2 XI- 7 

(blank) M 

Write on MRADS Unit F 

WRD N F 2 - XI- 7 

(blank) M 

Write on MRADS Unit F 



A -9 



APPENDIX III. ALPHABETIC LIST OF eE-225 INSTRUCTIONS 



Word 



ivinemoiuc 



ir'age 



AUU 



Ann 



ADO 



ADO 



ANQ 
BAR 

BAR 

BAR 
BAR 
BAR 
BAR 
BAR 
BAR 
BAR 
BAR 
BAR 
BAR 



1 A UiUUUUU 

^Decimal Add 
V -x" ninnnnn 



2504032 



Add One 



2504032 
*Add One Decimal 



ALF (Pseudo) 



Alphanumeric 

K 2511400 

Shift A into N and Q 



2 to 12 



BAN 



2516720 



Branch on AAU Not Ready 

BAR 7 35147pn ? 

Branch on AAU Ready 

BER 7 2514727 2 

Branch on AAU Error 

BMI 7 2514721 2 

Branch on AAU Minus 

BNE 7 2516727 2 

Branch on AAU No Error 

BNO 7 2516723 2 

Branch on AAU No Overflow 

BNU 7 2516724 2 

Branch on AAU No Underflow 

BNZ 7 2516722 2 

Branch on AAU Not Zero 

BOV 7 2514723 2 

Branch on AAU Overflow 

BPL 7 2516721 2 

Branch on AAU Plus 

BUF 7 2514724 2 

Branch on AAU Underflow 

BZE 7 2514722 2 

Branch on AAU Zero 

^Optional Instruction 



V - z 

V- 7 

V- 1 



V- 4 



V- 9 



IV -10 



V -28 



XII - 8 



XTl ^ H 



XII - 9 



XII - 9 



XII - 9 



XII - 9 



XII - 9 



xn - 9 



XII - 9 



XII - 9 



XII - 9 



XII - 9 



Mnemonic 



Octal 



Word 
Times 



Page 



iSCJN 



BCS 



BCS 



BCS 



BCS 



BCS 



HCS 



BCS 



BCS 



BCS 



BCS 



BCS 



BCS 



BCS 



BCS 



ZDIDUUO Z VI 

Branch on Card Reader Not Ready 



^6 





2514006 


2 


n - 


33 


Branch 


on Card Reader 


Ready 






BAA 


P 2514P21 


2 


IX - 


14 


Branch 


on Any Alert 








BEF 


P 2514P21 


2 


vni - 


14 


Branch 


on End of File 








BER 


P 2514P27 


2 


VIII - 


15 


Branch 


on Error 




IX - 

XI - 


8 
10 


BET 


P 2514P22 


2 


VIII - 


14 


Branch 


on End of Tape 








BIC 


P 2516P25 


2 


VIII - 


14 


Branch 


on Input' Output 




XI - 


10 


Bi!ff<^r 


PnT' rpct 








Hit) 


P 2hi41J2h 


2 


Vill - 


14 


Branch 


on Input/ Output 




XI - 


10 


Buffer 


Error 








BME 


P 2514P26 


2 


VIII - 


14 



Branch on Mod 3 or 4 Error 

BNA P 2516P21 2 IX - 14 

Branch on Printer No Alert 

BNE P 2516P27 2 VIII - 15 

Branch on No Error EX - 8 

XI - 10 

BNF P 2516P21 2 VIU - 14 

Branch on No End of File 

BNM P 2516P26 2 VIII - 15 

Branch on No Mod 3 or 4 Error 

BNO P 2516P23 2 IX - 14 

Branch on No Printer Buffer 
Overflow 

BNP P 2516P22 2 IX - 7 

Branch if Printer Not Out of 
Paper 

BNR P 2516P23 2 VIE - 15 

Branch on No Tape Rewinding 



V [ 1 



11 



October 1963 



Mnemonic 



BCS 



Octal 



Word 
Times 



Page 



Mnemonic 



Octal 



Word 
Times 



Page 



BUb 



BCS 



BCS 



BCS 



BCS 



BCS 



BCS 



BCS 



BCS 



BCS 



BCS 



BCS 



BCS 



*BCS 



BNS P 2516P24 


2 


IX - 


14 


BCS 


FAC P 2516P31 2 


XI - 


11 


Branch on No Printer 










Branch on No Error - Any File 






Slew Alert 
























BCS 


FAE P 2514P31 2 


XI - 


11 


BNT P 2516P22 


2 


VIII- 


14 




Branch on Error - On Any File 






Branch on No End of Tape 
























BCS 


FKC P 2516P32{File 0) 2 


XI - 


11 


BOP P 2514P22 


2 


IX - 


7 




or 2516P33(File 1) 






Branch on Printer Out of 










or 2516P34(File 2) 







Paper 

BOV P 2514P23 
Branch on Printer Buffer 
Overflow 



IX - 14 



BPC 



2516P24 



Branch on Tape Parity Correct VIII- 14 

BPE P 2514P24 2 

Branch on Tape Parity Error VIII- 14 

BPN P 2516P20 2 IX - 7 

Branch on Printer Not Ready 

BPR P 2514P20 2 IX - 7 

Branch on Printer Ready 

BRN P 2516P20 2 XI - 10 

Branch on MRADS Controller 
Not Ready 

BRR P 2514P20 2 XI - 10 

Branch on MRADS Controller 
Ready 

BRW P 2514P23 2 VIH- 15 

Branch ot! Tape Rewinding 

BSA P 2514P24 2 IX - 14 

Branch on Printer Slew Alert 

BTN P 2516P20 2 VIII- 14 

Branch on Tape Controller 
Not Ready 

BTR P 2514P20 2 VIII- 14 

Branch On Tape Controller Ready 



DQK 2514P32(K=1) 2 

or 2514P33(K=2) 
Branch on Document TCD Correct, 
Document Handler K. 



* This instruction is an optional feature 



X 



or 2516P35(File 3) 
Branch on File K, No Unit Error 

BCS FKE P 2514P32(File 0) 2 
or 2514P33(File 1) 
or 2514P34(File 2) 
or 2514P35(File 3) 
Branch on File K, File Error 

BCS FKN P 2.516P21(File 0) 2 
or 2516P22(File 1) 
or 2516P23{File 2) 
or 2516P24(File 3) 
Branch on File K Not Ready 

BCS FKR P 2514P21(File 0) 2 
or 2514P22(File 1) 
or 2514P23(File 2) 
or 2514P24(File 3) 
Branch on File K Ready 

BCS FSK P 2514P24(K=1) 2 
or 2514P25(K=2) 
Branch on Feeding, Document 
Handler K 

BCS ICK P 2514P26(K=1) 2 

or 2514P27(K=2) 
Branch on Invalid Character, 
Document Handler K 

BCS NFK P 2516P24(K=1) 2 

or 2516P25(K-2) 
Branch on Not Feeding. 
Document Handler K 

BCS NPK P 2514P22(K=1) 2 
or 2514P23(K=2) 
Branch on No Pocket Decision, 
Document Handler K 

*BCS NQK 2516P32(K=1) 2 

or 2516P33(K=2) 
Branch on Document TCD Not 
Correct. Document Handler K 



XI - 11 



XI -10 



XI -10 



X- 6 



X- 6 



X- 6 



X - 6 



X- 7 



\V[ 






12 



October 1963 



Mnemonic 



Octal 



Word 
Times 



Page 



Mnemonic 



Octal 



Word 
Times 



Page 



BCS 

BCS 

BCS 
BCS 

BCS 

BCS 



BCS 



BCS 



BEV 



BKW 



BMI 



BNN 



BNO 



BNR 



PDK 



2516P22(K=1) 



Branch on Pocket Decision, 



RPC P 2516P26 2 

Branch on DSU Parity Correct 

RPE P 2514P26 2 

Branch on DSU Parity Error 

SKC 2516P30(K=1) 2 

or 2516P31(K=2) 
Branch on Document Handler K 
Correct 

SKE 2514P30(K=1) 2 

or 2514P31(K=2) 
Branch on Any Error, Document 
Handler K 

SKN P 2516P20(K=1) 2 

or 2516P21(K=2) 
Branch on Document Handler K 
Not Ready 

or 2514P21(K=2; 
Branch on Document Handler K 
Ready 

VCK 2516P26(K=1) 2 

or 2516P27(K=2) 
Branch on Valid Character, 
Document Handler K 

XXX P 2514PCC 2 

or 2516PCC 
Branch on Controller Selector 

2516000 2 

Branch on Even 

T 1600000 2 

TTOOOOO 
Backspace and Position Write 
Head 

2514001 2 

Branch on Minus 

2516005 2 

Branch on N Register Not Ready 

2516003 2 

Branch on No Overflow 

2514005 2 

Branch on N Register Ready 



X - 6 

XI - 10 

XI- 10 
X- 7 

X - 7 

X- 6 



X - 7 



VII- 2 



V -32 



vm - 12 



V -32 



VI- 9 



V -32 



VI- 9 



BNZ 2516002 

Branch on Non-Zero 

BOD 2514000 

Branch on Odd 

BOV 2514003 



BPC 2516004 2 

Branch on Parity Correct 

BPE 2514004 2 

Branch on Parity Error 

BPL 2516001 2 

Branch on Plus 

BPN 2516007 2 

Branch on Card Punch Not Ready 

BPR 2514007 2 

Branch on Card Punch Ready 

BRU Y X 2600000 1 

Branch Unconditionally 

BSS(Pseudo) 

Block Started by Symbol 

BXH K X 0500000 3 

Branch if X is Higher Than or 
Equal To 



* This instruction is an optional feature. 



V - 32 



V - 0^ 



V - 32 



V - 32 



V - 32 



V - 32 



VI - 37 



VI - 37 



V - 31 



IV - 15 



V - 34 



BXL 


K X 0400000 
Branch If X is L ess Than 


3 


V - 


35 


BZE 


2514002 
Branch on Zero 


2 


V - 


32 


*CAB 


Y 2100000 
Compare and Branch 


2 to 4 


V - 


33 


CHS 


2504040 
Change Sign of A Register 


2 


V - 


23 


CPL 


2504502 
Complement A 


3 


V - 


23 


DAD 


Y X 1100000 


3 


V - 


2| 




Double Decimal Add 


3 


V - 


8 



7/ 7 '■ Lr^, 
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Mnemonic 



Octal 



Word 

Times 



Pasje 



Muemoijjc 



O;. lal 



Word 
Times 



Paj. 



DAD Y X 1100000 3 

Double Length Add 

■■ DCB Y 2200000 2 to 6 

Double Compare and Branch 

DDC (Pseudo) 

Double Length Decimal 

DEC (Pseudo) 

Decimal 

DLD Y X 1000000 3 

Double Length Load 

DNO K 2513200 2 to 12 

Double Length Normalize 



DST Y X 1300000 

Double Length Store 

DSU Y 1200000 

* Double Decimal Subtract 

DSU Y X 1200000 

Double Length Subtract 

DVD Y X 1600000 

Divide 

EJT (Pseudo) 

Eject Printer Paper 

END(Pseudo) 

End of Program 

EQO (Pseudo) 

Equals Octal 

EQU (Pseudo) 
Equals 



V - 2 



V -33 



IV -12 



IV -11 



V - 15 



V - 30 



V - 16 



V - 8 



V- 3 



26 to 29 V - 5 



IV - 17 



IV - 16 



IV - 15 



IV - 15 



ERB N 



EXT 



0520000 (N=l) 
0000000 
or 1 120000 (N=2) 
0000000 
End Read Busy 



Y X 2000000 

Extract 



X - 5 



V - 17 



* This instruction is an optional feature. 



FAD Y 31YYYYY Min.162 usee XII- 7 

Max.709 usee 
AAU Add 

FDC (Pseudo) 

Floating Point Decimal 



IV- 12 



FDV Y 36YYYYY Min. 814. 5usec XII- 8 

Max. 1095 usee 
AAU Divide 

FLD Y 3000000 72 usee XII- 7 

Load Auxiliary Arithmetic Unit 



FMP Y 35YYYYY Min. 297 usee 

Max. 1062 usee 
AAU Multiply 



XII- 7 



FST Y 3300000 72 usee XII - 7 

Store Auxiliary Arithmetic Unit 



FSU Y 32YYYYY Min. 162 usee 

Max. 709 usee 
AAU Subtract 

HCR 2500004 2 

Halt Card Reader 

HLT M N 0500000(N=1) 2 

or 11 00000 (N=2) 
Halt Continuous Feeding 

HPT 2500016 2 

Halt Paper Tape Reader 



INX 


K X 1400000 
Increment X 


3 


►LAC 


2504202 
Load A Register from 


3 

C Register 


LAQ 


2504001 
Load A from Q 


3 


LAQ 


A 3600002 
Load AX from QX 


49. 5 usee 


"LCA 


2504210 


3 



LDA 



Load C Register from A Register 

Y X 0000000 2 

Load A Register 



XII- 8 

VI -26 
X- 5 

VI -17 I 

V-34 
V-20 

V-19 

xn- 7 

v-20 
V-14 
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October 1963 









Word 








Mnemonic Octal 


Times 


Page 


1 


LDO 


2504022 
Load One into A Register 


3 


V - 22 






LDX 


Y X 0600000 
LoadX 


3 


V - 36 






LDZ 


2504002 
Load Zero into A Registei 


3 


V - 22 






LMO 


2504102 


3 


V - 23 








Load Minus One into A Register 








LOG (Pseudo) 




IV- 15 








Location in Octal 










LQA 


2504004 
Load Q from A 


3 


V - 19 


( 




LQA 


A 3200002 
Load QX From AX 


19. 5 usee 


XII- 7 


] 




LST (Pseudo) 




IV - 17 








List 






] 




MAT, 


(Pseudo) 




IV - 1 1 





Mnemonic 



Octal 



Word 
Times 



Page 



NOP 2504012 

No OpGr3,tion 



O J H t 



Normalize the A Register 



Multiple Alphanumeric 

MAQ 2504006 

Move A to Q 



V - 19 



MAQ A 3100002 49. 5 usee XII- 7 

Move AX to QX 



*MOV Y 

Move 



2400000 4 + 2N V - 18 



MPY Y X 1500000 9 to 23 V - 5 

Multiply 



NAL (Pseudo) 

Negative Alphanumeric 



IV - 10 



NAM (Pseudo) IV - 17 

Print Name or Title on Each Page 

NAQ K 2511100 2 to 12 V - 29 

Shift N, A, and Q Right 

NEG 2504522 3 V - 23 

Negate A 

NLS (Pseudo) IV - 17 

No List. 

* This instruction is an optional feature. 



OCT fPseudo^ 



OFF 2500005 2 

Power Off (Direct I/O Devices) 

ORG (Pseudo) 
Origin 

ORY Y X 2300000 3 

Or A into Y 

PAL (Pseudo) 

Multiple Alphanumeric for Printer 
with Print Line Indicator 

PKT X N 0460000(N=1) 2 

or 1060000(N=2) 
Pocket Select 

PLD (Pspud'-') 

Punch Loader Cards 



PON 2500015 


2 


Punch On 




PRF F 2500000 


2 


OCT (MRADS 




Address) MMMMMMM 




Position MRADS File 





RAW N F 1202000 2 

(blank) zero 0000000 

Read After Write Check 

RBB M T 15MMMMM 2 

(blank) N TTNNNNN 

Read Backward Binary 

RBD M T 14MMMMM 2 

(blank) N TTNNNNN 

Read Backward Decimal 

RES M T 35MMMMM 2 

(blank) N TTNNNNN 

Read Backward Special Binary 



V- 24 



V - isa 



TV . 1 ?? 



VI - 8 



IV - 14 



V- 17 



IV - 11 



X - 4 



IV - IP 



VI - 18 



XI- 4 



XI- 7 



VIII- 12 



VIII- 12 



VIII- 12 



i^j S D ''7'/ "/'/' c^^ 
b ( i C, ,'L, /Z, rt ) 
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Mnemonic 



Octal 



RGB 250YY01 

Read Cards Binary 

RCD y 250YY0D 

Read Cards Decimal 

RCF Y 250YY10 

Read Cards Full 

RCM Y 250YY12 

Read Cards Mixed 

RCS 2500011 

Read Control Switches 

RDC M N 0440000 (N=l) 

or 1040000(N=2) 
Read Document Continuously 



REM (Pseudo) 

Remarks 

RON 2500014 2 

Paper Tape Reader On 

RPT 2500006 2 

Read Paper Tape 

RRD N F 1201000 2 

(blank) M OOMMMMM 

Read from MRADS Unit F 

RRF N F 1200000 2 

(blank) M OOMMMMM 

Read from MRADS Unit F 

RSD M N 0420000(N-1) 2 

or 102 0000 (N=2) 
Read Document Single 

RTB M T 05MMMMM 2 

(blank) N TTNNNNN 

Read Tape Binary 

RTD M T 04MMMMM 2 

(blank) N TTNNNNN 

Read Tape Decimal 

RTS M T 25MMMMM 2 

(blank) N TTNNNNN 

Read Tape Special Binary Mode 



Word 

Times 


Page 


Mnemonic 


Octal 


Word 
Times 


Page 


2 
2 


VI - 27 
VI - 26 


SAN K X 2510400 
Shift A and N Right 

SBO 2504112 


2 to 12 
3 


V - 28 

V - 4 



RWD 



2000000 
TTOOOOO 



Rewind 



VI - 28 



VI- 


29 


SBR (Pseudo) 

Subroutine Call 


IV - 


14 




VI- 


6 


SCA 


K X 2510040 2 to 12 
Shift Circular A Register 


V - 


27 


1 


X - 


4 


SCD 


K X 2511200 2 to 12 
Shift Circular Double 


V - 


27 


1 


IV - 


16 


SEL 


P X 2500P20 2 

Select 


VII- 


2 





VI - 16 



VI - 16 



XI - 7 



XI - 6 



X - 3 



VIII- 11 



VIII- 11 



VIII- 11 



VIII- 12 



SBO 



Subtract One 

2504112 
♦Subtract One Decimal 



SEQ (Pseudo) IV - 17 

Check Source Program Card Sequence 
Numbers 

SET BINMODE 2506012 2 V - 10 

Set Binary Mode 

SET DECMODE 2506011 2 V- 9 

Set Decimal Mode 



SET FIXPOINT 3500010 

Set Fixed- Point Mode 



SET NFLPOINT 



3100010 



49. 5 usee XII 



49. 5 usee XII 



SET 
SET 



Set Normalized Floating-Point Mode 

PBK 2506016 2 VII - 3 

Set Automatic Priority Interrupt Off 

PST 2506015 2 VII - 3 

Set Automatic Priority Interrupt On 



SET UFLPOINT 3200010 49. 5 usee XII - 6 

Set Unnormalized Floating-Point Mode 



SLA K X 2512000 2 to 12 

Shift Left A Register 

SLD K X 2512200 2 to 12 

Shift Left Double 

SLT K 0X00000 2 

XXOOOOO 
Slew Paper to Tape Punch 



25 I 

26 I 



IX 






A - 16 
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Word 










Word 






Mnemonic Octal 


Times 


Page 




Mnemonic Octal 


Times 


Page 




SLW 


N 0600000 
NNOOOGO 
Slew Paper N Lines 


2 


IX - 


6 


WCD 
WCF 


Y 250YY02 
Write Card Decimal 

Y 250YY17 


2 
2 


VI -37 
VI -37 


I 


OXT A 


K X 2510100 


2 to 12 


V - 


28 




1 T-l 1 1 






■ 


LJiNn. 


Shift N and A Riglit 








WEF 


Write <^aras run 

T 0200000 


2 


VIII -11 




SPB 


Y X 0700000 
Store P and Branch 


2 


V - 


31 




TTOOOOO 
Write End of File 






1 


SRA 


K X 2510000 
Shift Right A Register 


2 to 12 


V - 


24 


WFL 
(WPL) 


N 3GYYYYY 
Y X OIXXXXX 
Write Format Line 


2 


IX- 6 




SRD 


K 2511000 


2 to 12 


V - 


26 














Shift Right Double 








WPL 


Y N 2000000 

OIYYYYY 


2 


IX - 5 




STA 


Y X 0300000 
Store A 


2 


V - 


15 


WPT 


Write Print Line 

2500006 


2 


VI -18 




STO 


Y X 2700000 
Store Operand Address 


3 


V - 


16 


WRD 


Write Paper Tape 
N F 3701000 


2 


XI - 7 




STX 


Y X 1700000 
Store X 


3 


V - 


36 


(blank) 


M OOMMMMM 
Write on MRADS Unit F 







RliH \ X 0200i)()() 

Subtract 

SUB Y X 0200000 

* Decimal Subtract 

SXG Y 2506003 

Select X Register Group 

TCD(Pseudo) 

Punch Transfer Card 

TON 2500007 

Typewriter On 



WH F N 

(blank) M 



OOMMMMM 



TYP 



2500006 



Type 



WCB Y 250YY03 

Write Card Binary 



* This instruction is an optional feature. 



V - "I 

V -36 
IV -15 
VI - 8 
VI - 8 
VI - 37 



WTB M T 03MMMMM 2 

(blank) N TTNNNNN 

Write Tape Binary 

WTD M T 02MMMMM 2 

(blank) N TTNNNNN 

Write Tape Decimal 

WTS M T 23MMMMM 2 

(blank) N TTNNNNN 

Write Tape Special Binary Mode 

XAQ 2504005 3 

Exchange A and Q 



XI 



VIII - 10 



VIII -10 



VIII - 11 



V-20 



XAQ A 3500002 

Exchange AX and QX 

Z (Pseudo) 

Octal Operation Code 



117 usee XII- 7 



IV -13 



A - 17 
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